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ABSTRACT
Supplemental chem ical analyses must be developed fo r  
measuring changes in  shrimp q u a lity  during storage* Such t e s t s  
w i l l  augment e x is tin g  o b jec tiv e  measurements, p erm ittin g  a more 
v a lid  determ ination  of in c ip ie n t spo ilage and providing e s s e n t ia l  
d a ta  requ ired  by the  Food and Drug A dm inistration  fo r  e s ta b lish in g  
reasonable standards o f q u a lity  f o r  th i s  food product*
Carbonyl metabolism in  shrimp decomposition was in v estig a ted *  
Methodology was developed f o r  the  e x tra c tio n , i s o la t io n ,  and con­
c e n tra tio n  o f carbonyl contain ing  compounds* An e th an o lic  homog- 
enate of peeled and deveined shrimp was sub jec ted  to  a b a tch -ty p e , 
co u n tercu rren t, l iq u id - l iq u id  e x tra c tio n  process employing 
n-pentane as the e x tra c tio n  solvent* I s o la t io n  and concen tra tion  
o f the ex trac ted  carbonyls was achieved through f ra c t io n a l  d is ­
t i l l a t i o n  and column chromatography* T otal carbonyl determ inations 
were made on the  e lu q te  from the chromatographic step*
The e lu a te  volume was concentrated  to  le s s  than 0*5 ml,, and 
th e  carbonyls p resen t were separa ted  by gas chromatographic 
analysis*  T en ta tive  id e n t i f ic a t io n  o f the  e x tra c te d  carbonyls 
was made by comparing th e i r  re so lu tio n  tim es on two d if fe re n t  
column packings w ith those fo r  known carbonyls*
D is tin c t advantages o f th e  methodology a re :  sm all sample 
s iz e  (300 g ) , low tem perature ( le s s  than 60<>C), and sh o r t time
v i i i
f o r  complete an a ly s is  ( le s s  than 8 hours)* These fa c to rs  minimise 
the  p ro b a b ili ty  o f a r t i f a c t  production*
C oncentrations of e x tra c ta b le  carbonyls in  f re sh  shrimp 
averaged 3*1 ppm* During ic e  sto rage  s tu d ie s , carbonyl con ten ts 
inc reased  through 21 d ay s1 sto rage  and then  tended to  f a l l  off*  
D e te rio ra tio n  in  q u a lity  was observed a f t e r  th e  carbonyl con ten t 
exceeded *> ppm* Fresh shrimp sub jected  to  spo ilage  cond itions 
ex h ib ited  a s im ila r  p a t te rn  o f carbonyl change*
Carbonyl con ten ts o f gamma ir r a d ia te d  shrimp (0*2 Mrad) 
remained e s s e n t ia l ly  constan t ( le s s  than 3 ppm) through 28 days ' 
storage* The shrimp were considered  to  be o f good q u a li ty  a t  th e  
end o f the  t e s t  period* N on-irrad la ted  c o n tro ls  were sp o iled  a t  
21 d ay s ' sto rage and ex h ib ited  high carbonyl concen trations*  
Trlmethylamine n itro g en  (TMA-N), ammonia n itro g en  (NH^-N), and 
to ta l  b a c te r ia l  p la te  counts p a ra l le le d  carbonyl changes in  a l l  
s tud ies*  T otal p la te  counts a t  20°C were considered more im portant 
in  q u a li ty  eva lu a tio n  than those a t  3£°C* Carbonyl form ation in  
shrimp apparen tly  o r ig in a te s  p rim a rily  from sources o th e r  than 
those responsib le  f o r  trlm ethylam ine and ammonia production*
Shrimp q u a li ty  cannot be eva luated  in  terms o f any one 
o b jec tiv e  measurement! however, co n s id era tio n  o f th e  aggregate 
r e s u l t s  of a number o f such t e s t s  should provide a r e l ia b le  index 
o f spoilage* R esults o f th ese  s tu d ie s  in d ica ted  th a t  in c ip ie n t 
spo ilage  was p re se n t when the  follow ing values were exceeded: 
t o t a l  carbonyl—5 ppm; TMA-N--1$ mg p e r  100 grams; 30 mg
p e r  100 grams; and to t a l  b a c te r ia l  p la te  counts—5>0 m illio n  p e r
ix
gram a t  20°C o r 5> m illio n  p e r  gram a t  3$°C*
Acetaldehyde, acetone, d ia c e ty l ,  and 3-m ethyl-2-butanone 
were te n ta t iv e ly  id e n t i f ie d  as carbonyls produced during  shrimp 
decom position. P lau sib le  biochem ical mechanisms were p resen ted  
to  account f o r  th e i r  production*
x
INTRODUCTION
Mankind's su rv iv a l In  th is  p h y sica l world w i l l  n o t be 
determined by nuc lear weaponry b u t w i l l  be p red ica ted  on th e  a b i l i ty  
o f the  w o rld 's  food s c ie n t i s t s  to  provide him w ith a s u f f ic ie n t  
food supply* In  h is  Food fo r  Peace message to  Congress on March 31* 
196^, P re s id en t Iyndon B* Johnson po in ted  o u t th a t  m illio n s  s t i l l  
su f fe r  from some form o f hunger o r  m a ln u tritio n  and th a t  an 
in s u f f ic ie n t  food supply i s  one o f th e  lead ing  co n trib u to rs  to  
human m isery and p o l i t i c a l  in s ta b i l i ty *
With le s s  land  av a ilab le  fo r  th e  production of food and an 
in c reased  food demand of a ballooning  p opu la tion , th e  food s c ie n t i s t  
has begum to  e x p lo it  o th e r food sources* I t  I s  only n a tu ra l th a t  he 
has looked to  th e  oceans and seas which cover th re e -fo u rth s  o f the  
w o rld 's  surface as a  p o ssib le  so lu tion*  The su rv iv a l o f th e  human 
race may w ell depend on the e ff ic ie n c y  w ith  which he i s  ab le to  
tap  th e  wealth of th e  oceans* Organized c u lt iv a tio n  o f the  s e a s , 
m aricu ltu re , now looms as an in e v ita b le  and in tr ig u in g  ta sk  fo r  
fu tu re  generations of food s c ie n tis ts *
F ish  and s h e l l f is h  c o n s ti tu te  one o f th e  g re a t and growing 
food h arv es ts  of the  world* Production reached over lt6 m illio n  
m etric tons in  19&5 as shown in  Table I  (11U), However, th e  
importance o f th i s  ca tch  i s  even g re a te r  than th e  annual f ig u re s  
in d ic a te  because the  most u rgen t food need in  many co u n tries  i s  fo r
zTABLE I
FISH CATCHES FOR THE U.S.A. AND THE WORLD (ill*) 
( in  m illio n s of  m etric  to n s)
F ish U.SJU World
H erring, sa rd in e , anchovy 0.83 17.U5
Molluscs 0.65 2.88
Crustacean 0.27 1.18
R edfish , b ass , e tc . 0.17 3.05
Cod, hake, haddock, e tc . 0.17 6.1*6
Tuna, b o n lto , etc* 0.15 1.1$
Salmon, t r o u t ,  etc* 0.16 0.86
Flounder, h a l ib u t ,  etc* 0.10 0.97
Jack , m u lle t, etc* 0.07 2.12
Freshwater 0.06 6.06
Unsorted, u n id e n tif ie d , and o th e rs 0.09 7.08
T otal 2.72 1*9.30
p ro te in , e s p e c ia lly  h ig h -q u a lity  p ro te in , ra th e r  than f o r  c a lo r ie s .  
Thus, although f i s h  probably supply le s s  than  one p e rce n t of th e  
w o rld 's  c a lo r ie  needs, th e ir .c o n tr ib u tio n  as a source o f p ro te in  
i s  much g re a te r .  Borgstrom (10) estim ated  th a t  over 670 m illio n  
o f the  e a r th 's  popu la tion  are  " f is h  supported". In  o th e r  w ords, 
t h i s  number o f people could th e o re t ic a l ly  be supplied  t h e i r  e n t i r e  
p ro te in  need from the  amount o f f is h  now produced. He ca lcu la ted  
a lso  th a t  f i s h  supply 12 p e rcen t o f a l l  anim al p ro te in  on a g loba l 
b a s is .  The ad d itio n  o f even moderate amounts o f f i s h  o r  f i s h  
products to  th e  low -pro teln  d ie t s  th a t  a re  ty p ic a l  o f many under­
developed co u n trie s  considerab ly  enhances n u tr i t io n a l  v a lu e . More 
e f f i c ie n t  e x p lo ita tio n  o f world f is h e r ie s  could th e re fo re  make an 
im portant co n trib u tio n  to  th e  r e l i e f  o f mounting world m a ln u tr itio n .
Uhited S ta te s  f is h e ry  land ings in  196*> to ta le d  lt.7 b i l l io n  
pounds (It p e rcen t h igher than in  1961;) w ith a record  ex -v esse l 
value o f $U5l m illio n  (16 percen t more than th e  $390 m illio n  value 
in  196U). Per c a p ita  consumption o f f is h e ry  products in  th e  United 
S ta te s  o f 11.0 pounds was one-half pound more than  in  1961t. The 
Uhited S ta te s  remained f i f t h  among the  w o rld 's  f ish in g  n a t io n s . For 
th e  f i r s t  tim e th e  Uhited S ta te s  imported more than h a l f  i t s  supply 
o f  ed ib le  f ish e ry  products in  196$.
Shrimp was again th e  most valuab le  sp ec ies—th e  196$ ca tch  
had an ex -v esse l value o f $82 m illio n . The salmon ca tch  was valued 
a t  $67 m illio n , and tuna a t  $U2 t r i l l io n .  Louisiana again le d  a l l  
s ta te s  in  the volume o f ca tch  in  i?6$~79U  m illio n  pounds—follow ed 
by A laska, V irg in ia , C a lifo rn ia , and M assachusetts (1 7 ) .
A major problem which haa plagued the  food s c ie n t i s t  In  h is  
e f fo r ts  to  u t i l i s e  th e  resources o f the sea had been th e  h igh ly  
p e rish ab le  natu re  o f th e  p ro d u cts . Bran when s to red  In  ice* marine 
food products lo se  th e i r  d e l ic a te  f la v o r  In  a  sh o rt perio d  o f time* 
D e te rio ra tio n  begins immediately from the tim e th e  product i s  removed 
from i t s  n a tu ra l environment and proceeds more o r  le s s  rap id ly  
depending on the  manner in  which i t  i s  handled, p rocessed , and 
stored*
High q u a lity  shrimp has a  f in e  te x tu re ,  b r ig h t appearance,, 
and f re sh  f la v o r , th e  l a t t e r  a  p o s it iv e  q u a l i ty  th a t  i s  found in  
newly-caught shrimp bu t g ives way f a i r l y  ra p id ly  on sto rage  to  a 
somewhat n e u tra l f la v o r .  L a te r, d e f in i te  u n d esirab le  o f f - f la v o rs  
develop which ren d er th e  product in  time s t a l e ,  in e d ib le , and 
p u tre f ie d . Death of the shrimp i n i t i a t e s  a complex s e r ie s  o f changes, 
th e  exact course o f which depends on a number o f fa c to rs  such as 
sp ec ie s , n u t r i t io n a l  s ta tu s ,  lo c a tio n  o f ca tch , degree o f s tru g g le , 
and tem perature o f ho ld ing . B a c te ria l a tta c k  i s  delayed u n t i l  th e  
re so lu tio n  o f  r ig o r ,  b u t in  th e  meantime, post-mortem enzymatic 
a c tio n  lead s to  a s e r ie s  o f degradations*
Muscle o f fre sh ly -cau g h t shrimp i s  s t e r i l e ,  b u t th e  e x te rn a l 
covering and in te s t in e s  many tim es ca rry  a la rg e  b a c te r ia l  lo ad . 
B acte ria  in c rease  in  number very  rap id ly  by handling and by con tac t 
w ith g ea r, deck, holding pens, e t c . ,  and m u ltip ly  during sto rage  in  
i c e .  The in te s t in e ,  when f u l l ,  develops in te n se  b a c te r ia l  a r i  
enzymatic a c t iv i ty  which a t  e lev a ted  tem peratures can cause ve .y  
rsp id  decomposition to  s t a r t  from the v is c e ra l  c a v ity . When r ig o r
i s  reso lved , b a c te r ia  invade the  muscle, causing a number o f degra- 
d a tiv e  changes'which commence slow ly, b u t a t  a r a te  la rg e ly  
determined by s p e c i e s  and tem perature. At a l a t e r  p o in t th e re  i s  
a sharp in c rease  in  th e  r a te  of th ese  changes as evidenced by a 
rap id  r i s e  in  the  b a c te r ia l  count and by a development o f marked 
o f f - f la v o r s . The l a t t e r  are  due la rg e ly  to  form ation o f a number 
o f chemical groups asso c ia ted  w ith sp o ilag e , such as trlm ethylam ine, 
in d o le , ammonia, v o la t i l e  reducing substances, and v o la t i le  acids* 
Prevention of f la v o r  changes by chemical o r  p h y s ica l means 
would obviously be the most d e s ira b le  so lu tio n  to  th i s  problem* 
E ffo r ts  in  th i s  d ire c tio n  have met w ith f a i r  success, p a r t ic u la r ly  
w ith resp ec t to  the  u t i l i z a t io n  o f gamma I r r a d ia t io n  in  both 
p a s te u r iz a tio n  and s te r i l i z a t io n  p rocedures. However, a l l  the 
methods p rev iously  employed r e s u l t  in  some f la v o r  changes o r  
c rea tio n  o f o ff-f lav o rs*  While such changes a re  in d ic a t iv e  o f 
product d e te r io ra tio n , i t  i s  o f ten  the case th a t  only th e  e s th e t ic  
value of the  product has been decreased and no t n e c e s s a r ily  th e  
n u tr i t iv e  value*
Knowledge of the  chemical c o n s titu e n ts  responsib le  f o r  
d e s ira b le  f la v o rs  and o f f - f la v o rs  w il l  provide a r a t io n a l  and 
o b jec tiv e  approach fo r  se le c tin g  high q u a lity  raw m a te r ia l , f o r  
co n tro llin g  the  processing o p era tio n , and fo r  checking the  q u a lity  
o f  the  f in ish e d  product* In  ad d itio n  i t  w i l l  perm it th e  food 
p rocesso r to  follow  d e te r io ra tio n  of the  product during subsequent 
storage* Such knowledge would a lso  perm it the  replenishm ent of the 
product w ith d e s irab le  f la v o r  c o n s titu e n ts , o r  th e i r  p rec u rso rs ,
l o s t  during  processing  o r  sto rage  thus upgrading th e  e s th e tic  
q u a l i ty .  This improvement o f the  f la v o r  o f a given food i s  the 
u ltim a te  p r a c t ic a l  o b jec tiv e  of food f la v o r  re se a rch .
Changes in  seafoods during s to rag e  have been th e  su b je c t o f 
many in v e s tig a tio n s . No completely s a t is f a c to ry  t e s t  has been 
developed f o r  ev a lu a tio n  o f th e  q u a l i ty  of these  p ro d u c ts . There 
i s  agreement th a t  o ff-o d o rs and f la v o rs  c h a ra c te r is in g  spo ilage 
r e s u l t  p r im a rily  from m icrob io log ica l a c t iv i ty  and secondarily  
from enzymatic and nonenzymatic changes w ith in  the  t i s s u e .  Organo­
le p t ic  ev a lu a tio n  of q u a l i ty  has been used alm ost ex c lu siv e ly  f o r  
purchasing and grading shrimp products a t  various stages during 
th e i r  p rocessing  and s to ra g e . Such te s t s  are  based on personal 
judgment and consequently r e s u l t  in  numerous su b jec tiv e  d iffe ren ces  
which lead  to  disagreem ent in  q u a l i ty  assessm ent of in d iv id u a l 
sam ples. The most d e s ira b le  eva lu a tio n  would be an ex ac t an a ly sis  
based upon changes o f c e r ta in  c o n s titu e n ts  in  the  t is s u e  during 
s to ra g e . The shrimp fisherm an, shrimp h an d ler, and p rocesso r of 
frozen  shrimp would be e s p e c ia lly  in te re s te d  in  a rap id  o b jec tiv e  
t e s t  f o r  eva luating  q u a l i ty  o f t h e i r  p ro d u c t.
I f  some compound o r ig in a l ly  p re se n t in  the  shrimp t is s u e  
could be shown to  in c rease  g rad u ally  in  amount through m icrobial 
o r  enzymatic a c tio n , i t  should be p o ss ib le  to  a r r iv e  a t  a num erical 
q u a li ty  index . From such d a ta  i t  would be p o ss ib le  to  s ta te  the  
len g th  of tim e th e  product had been s to re d , i t s  probable fu tu re  
sto rage l i f e ,  and i t s  q u a lity  a t  any given in s ta n t .
I t  would be o f inestimao.1* monetary value to  the  shrimp
in d u s try , i n  p a r tic u la r*  and the s h e l l f is h  industry*  in  general* 
i f  some simple and rap id  method fo r  ev a lu a tin g  product q u a lity  
could he developed* The shrimp catch by Louisiana shrim pers fo r  
th e  period  June 1966 through May 1967 w il l  amount to  over 100 m illio n  
pounds worth co n serv a tiv e ly  $10 m illion*  Over 20 p ercen t o f th i s  
t o t a l  poundage w il l  never reach th e  consumer because o f d e te r io ra tio n  
in  flav o r*  Thousands o f pounds of shrimp w il l  be re je c te d  on th e  
b a s is  o f a  r a th e r  dubious te s t in g  procedure f o r  the simple reason 
th a t  too  l i t t l e  i s  known about th e  changes occurring in  f la v o r  
components* The a v a i la b i l i ty  o f such knowledge could lead  to  th e  
development of more exact a n a ly t ic a l  procedures f o r  determ ining 
q u a lity  and p re d ic tin g  a to ra g e a b il i ty . Such knowledge could r e s u l t  
in  th e  reclam ation o f these  thousands o f  pounds o f shrinq> through 
th e  in te r ru p tio n  o f th e  spoilage mechanism and th e  supplem entation 
w ith d e s ira b le  f la v o r  components lo s t  during  processing  and storage* 
E stablishm ent o f reasonable standards f o r  shrimp q u a lity  by 
th e  Food and Drug A dm inistration (FDA) has been hindered by a lack  
o f knowledge o f the  biochem ical mechanisms underlying shrimp 
decom position. The a t t i tu d e  of the FDA, toward standards f o r  fishexy  
products in  genera l has been one of reticence*  apparen tly  based on a  
s c a rc i ty  o f to x ic o lo g ic a l data* p a r t ic u la r ly  w ith re sp e c t to  
I r r a d ia te d  products*
In v e s tig a tio n  o f those chemical components in  shrimp t is s u e  
a sso c ia ted  w ith  f la v o r  changes t r a  necessary  to  determ ine th e i r  
biochem ical orig in*  eventual m etabolic fa te*  f la v o r  s ign ificance*  
to x ic ity *  and n u t r i t iv e  value*
The e s ta b lish e d  importance of carbonyl compounds as f la v o r  
co n trib u to rs  in  o th e r  foods demands s tu d ie s  o f  th e i r  s ig n ific an c e  
In  shrimp decomposition*
This in v e s tig a tio n  was undertaken w ith  th e  follow ing 
o b jec tiv ess
(a )  develop methodology f o r  th e  is o la tio n *  p u r if ic a tio n *  
and id e n t i f ic a t io n  of carbonyl compound* in  shrim pj
(b) eva luate  changes in  caxbonyl co n ten t o f shrimp 
(gamma ir r a d ia te d  and n o n -irra d ia te d  )* m aintained tinder 
v ario u s s to rag e  conditions* as p o s s ib le  in d ices  o f 
d e te r io ra t io n j
(c ) e lu c id a te  the  biochem ical mechanisms producing th ese  
changes in  carbonyl content*
REVIEW OF LITERATURE
Id e n tif ic a t io n  o f  compounds n o t p rev iously  stud ied  in  shrimp, 
and a determ ination  of th e i r  q u a n tita tiv e  values in  fre sh  and 
decomposed s t a t e 3 w il l  co n trib u te  m a te r ia lly  to  procedures fo r  
measuring th e  degree o f spo ilage of th i s  p roduct. A thorough 
review o f th e  m icrob io log ica l asp ec ts  o f shrimp decomposition and 
th e  suggested methods fo r  eva luation  of shrimp q u a lity  i s  e s s e n tia l  
to  understanding the  complex natu re  o f th is  spo ilage  p rocess. For 
th i s  reason and because s tu d ie s  concerned w ith carbonyl compounds 
in  f ish e ry  products are scarce and alm ost n o n ex isten t fo r  shrimp, 
the  l i t e r a tu r e  review o f carbonyl s tu d ie s  i s  p resen ted  a f t e r  a 
consid era tio n  of these o th e r  to p ic s .
I .  M icrobiology o f Shrimp:
Almost a l l  shx’imp are handled raw* W ithin minutes a f t e r  the 
shrimp are landed on the  deck o f the  tra w le r, they  g en era lly  d io . 
Death of th e  shrimp se ts  in  t r a in  a complex s c r ie s  of changes. 
M icrobial spo ilage s t a r t s  immediately through marine b a c te r ia  on th e  
surface o r  through microorganisms which happen to  contam inate the 
shrimp on deck, in  handling and washing. F ish  and o th e r  marine 
organisms follow ing the  shrimp may a lso , c h ie f ly  through slim e 
and e'ruded in te s t i n a l  co n ten ts , smear th e  shrimp (30 ) .
P revention of d e te r io ra tio n  in  shrimp q u a lity  involves two 
d i s t in c t  problems: (a) m aintaining low numbers of d e trim en ta l
1°
microorganisms, and (b) co n tro llin g  o x id a tio n s , c h ie f ly  of phenols, 
in to  m elanins. This l a t t e r  re a c tio n  i s  guided by s p e c if ic  t is s u e  
enzymes—phenolases—and r e s u l t s  in  the appearance o f b lack  zones 
o r  sp o ts  a t  the edge o f the s h e l l  segments of the f le s h  (3, 33)•
This dark co lo r  i s  produced by melanin pigments which form 
on the in te rn a l  s h e ll  su rfaces o r , in  advanced s ta g e s , on th e  under­
ly ing  meat (31)* These pigments a re  produced by an ox ida tive  reac tio n  
o f ty ro sin ase  on ty ro sin e*  The re ac tio n  i s  acce le ra ted  by copper 
and o th e r  m e ta llic  ions (3U)« E a r l ie r  assumptions th a t  th i s  d is c o lo r­
a tio n  was connected w ith m icrob ial a c t i v i t i e s  are d e f in i te ly  ru led  
o u t ( l)*  I d y l l  e t  a l .  (51) confirmed th e  concept o f  b lack sp o ttin g  
as a nonm icrobial phenomenon in  a comprehensive studoy* K opfler (57) 
concluded th a t  low dose gamma i r r a d ia t io n  of f re sh  shrimp reduced 
m elanosis and re su lte d  in  a s ig n if ic a n t  extension  o f t h e i r  ic e d -  
sto rage l i f e .  However, i f  shrimp were held  beyond th e  onset o f 
m elanogenesis, subsequent low dose i r r a d ia t io n  ac c e le ra te d  b lack - 
spot form ation, which reduced consumer appeal, and th e re fo re  was 
d e f in i te ly  u n d e rs ira b le .
S everal im portant comprehensive s tu d ie s  on th e  microbiology 
of Gulf o f Mexico shrimp have appeared in  the  l i t e r a tu r e .  During 
th ree  t r i p s  aboard commercial shrimp tra w le rs , Green (1*3, liU, li5*
1(6) follow ed changes in  the b a c te r ia l  numbers o f shx*irap when caught, 
th e  e f f e c t  of head removal, washing, and o f ic e  s to rage  in  top and 
bottom la y e rs  o f sto rage  b in s , and changes th a t  occur during 
frozen  s to rag e .
Qreen (WO showed th a t  whole shrimp examined immediaun?v
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A fter emptying of the  traw le r  n e t  v a rie d  in  b a c te r ia l  counts from 
1,600 to  1,200,000 p e r  gram. The l a t t e r  count was from shrimp 
caught in  B a ra ta rla  Bay, L ouisiana, a shallow  in land  bay which 
rece iv es drainage from th e  s e t t le d  a reas  ad jacen t to  th e  v es t bank 
o f the  M ississ ip p i R iver. A more re p re se n ta tiv e  value o f b a c te r ia l  
counts o f shrimp caught in  commercial fiB hing n e ts  in  widely 
sc a tte re d  areas on the  open Gulf of Mexico o f f  the Louisiana coast 
was found to  be 1*2,000 b a c te r ia  p e r gram fo r  11* d if f e r e n t  samples 
(range 1,600 to  160,000).
When whole o r  head less shrimp from th e  same catch  were washed 
w ith  Gulf o f Mexico w ater, th e re  was an average reduction  in  th e  
b a c te r ia l  count (I*!*). Clark and Maclfaughton (13) s ta te d  th a t  th e  
heads should be removed from f re sh ly  caught shrimp, which should 
be washed and iced  as quickly  as p o ss ib le . The dark liq u id  in  the 
stomach con ta ins p a r t i a l ly  d ig ested  p la n t and animal m a te r ia l which 
read ily  decomposes. They s tre s se d  th a t  th i s  l iq u id  and the  surface 
slime must be removed by thorough washing before ic in g . B a c te ria l 
counts on headless shrimp were somewhat lower than on whole shrimp 
from the same ca tch . Removal of the heads in  a l l  cases reduced th e  
count somewhat, the heads cariy in g  approxim ately 75 percen t o f the 
b a c te r ia  (32, 3 9 ). B a c te ria l counts o f fre sh ly -cau g h t headless 
shrimp are  la rg e ly  determined by the  b a c te r ia  and d eb ris  adhering 
to  the  su rface . The average b a c te r ia l  count on the  shrimp as p re ­
pared f o r  ic in g  under commercial con d itio n s, headed and washed by 
fisherm en, was 7,1*00 p e r gram. I t  i s  ev iden t from th is  th a t  under 
coi is rc ia l  co n d itio n s, w ith exped itious handling and thorough
12
washing, headless shrimp may be p laced in  ic e  sto rage on board 
traw le rs  and ca rry  a r e la t iv e ly  low m icrob ial load* This was a lso  
reported  by la n ta  (58)* Removal of the heads extended the  sto rage 
l i f e  o f uncooked, iced  shrimp by 2 days*
Washed, headless shrimp packed in  a l te rn a te  la y e rs  o f ic e  in  
b in s  in  the  hold of the  traw le rs  showed s te a d ily  r is in g  b a c te r ia l  
counts measured a t  the  bottom la y e r  d e sp ite  adequate ic in g  (UU)»
The h ighest s in g le  count, 1,200,000 p e r  gram, recorded on the  
s ix th  day was n o t accompanied by change in  co lo r o r  appearance*
When unloaded a t  the end o f th e  n in th  day, the shrimp were an 
acceptable market p roduct, A few spo iled  shrimp, se lec te d  during 
in sp ec tio n  in  the  processing house, contained 73^500,000 b a c te r ia  
p e r  gram.
Since the m elting ic e  from the upper la y e rs  o f shrimp washes 
down over th e  lower la y e rs , Green ( U t )  also  stud ied  the  in flu en ce  
of p o s itio n  in  the b in  on b a c te r ia l  counts. A fte r  9 d ays ' s to rag e , 
head less shrimp in  the  la y e r  nex t to  the top increased  from 1 ,80 0  
b a c te r ia l  per gram to  2,U00 p e r  gram, whereas th e  b a c te r ia  in  th e  
bottom la y e r  inc reased  a thousandfold , YJhole shrimp showed a 
s im ila r  d iffe re n c e , the bottom la y e r  contain ing  250 tim es and the  
upper la y e r  125 tim es as many b a c te r ia  a f t e r  1* days ' s to rage  as the 
fresh ly -caugh t whole samples. Water d ra in ing  through a b in  of one- 
day-iced whole shrimp showed counts o f $ ,9 0 0 ,000*
S tudies by Williams ( i l l ) ,  Y&lliams jst a l .  (112), and 
Williams and Rees (113) complement those of Green reported  above in  
th a t  they determined th e  ty p e3 t* b a c te r ia  i n i t i a l l y  p resen t in
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f re s h  Gulf of Mexico shrimp caught ad jacen t to  th e  Texas c o a s t.
They showed the main groups p re sen t were Achromobacter,  B ac illu s ,, 
Mlcrococcus, and Pseudomonas, These fo u r groups made up 78 percen t 
o f the  1,200 i s o l a te 3. In  biochem ical c h a ra c te r is t ic s  they  found 
62 p ercen t of th e  i s o la te s  were p ro te o ly t ic ,  3$ p ercen t l ip o ly t ic ,
18 p ercen t reduced trim ethylar,line ox ide, and 12 percen t formed 
in d o le .
R adiation p a s te u r iz a tio n  no t only  reduced th e  b a c te r ia l  load  
b u t a lso  had a marked s e le c tiv e  ac tio n  on the  various groups o f 
b a c te r ia  normally p re se n t. Shewan and L iston (?Q), working w ith 
cod, noted th a t  a f t e r  i r r a d ia t io n  the  percentage o f Pseudomonas 
species f e l l  from about 1*0 p ercen t in  th e  u n trea ted  c o n tro ls  to  
about $ percen t a f t e r  I r r a d ia t io n ,  and th a t  th e  main group was 
Achromobacter* Liuzzo e t  a l*  (62) have rep o rted  the  is o la t io n  of 
seven ra d ia t io n - re s is ta n t  b a c te r ia  from fre sh  Gulf shrim p. These 
b a c te r ia  were c la ssed  In to  th e  follow ing genera* Brevibacterlum , 
Gaffkya, Achromobacter, S arc ina , and B a c illu s*
F ieger e t  a l .  (32) in v e s tig a te d  the  b e s t methods of fre ez in g , 
packaging, and s to r in g  head less shrimp* Waxed cartori3 overwrapped 
w ith g la ss in e  or no t and h ea t-sea led  were used* This was compared 
w ith reg u la r  g laz in g . Samples were s to re d  a t  v arious tem peratures 
f o r  12 months. B a c te rio lo g ica l s tu d ie s  of these  samples were 
repo rted  by Holmes and McCleskey (U9). The major problem in  keeping 
and packaging frozen  shrimp i s  the g radual diying o f  the  product 
w ith ensuing chemical changes (79). Peeled shrimp had lower 
b a c te r ia l  counts than unpeeled shrim p. The p resen t p ra c tic e  o f
p ee lin g  and deveining p r io r  to  freez in g  mean.- the  removal of p o te n t 
sources of microorganisms, which o therw ise , a f te r  d e fro s tin g , e x e r t  
t h e i r  d e te r io ra tin g  e f f e c t .
I I .  Q uality  Evaluation of Shrimp:
Much e f f o r t  has been expended in  attem pts to  e s ta b lis h  
ob jec tiv e  q u a lity  t e s t s  fo r  shrim p. Such t e s t s  would be o f immeas­
u rab le  value to  th e  shrimp in d u s tiy  in  th e  d is t r ib u t io n  and process­
ing  of in d iv id u a l catches o f  shrimp according to  th e i r  expected 
sto rage l i f e .  Subjective sensory measurements have been used alm ost 
ex c lu siv e ly  in  th e  determ ination  of shrimp q u a li ty . S tudios by 
F ieg er and F riloux  (37) in d ic a te d  th a t  d e f in i te  ta s te  changes 
occurred during ic e  s to rag e .
During the  f i r s t  few days of ic e  sto rage the  shrimp f la v o r  
may be described  as "fresh "  and s l ig h t ly  sw eet. There then follow s 
a period  in  which the sweet f la v o r  d isappears and the  ta s te  becomes 
" f l a t " ;  however, o f f - f la v o rs  asso c ia ted  with spo ilage are  n o t p re se n t 
during th i s  p e rio d . F in a lly , th e  shrimp undergo a sharp change in  
f la v o r  in d ic a tiv e  of sp o ilag e . These th ree  g en era l f la v o r  changes 
have been su b s tan tia te d  by experienced ta s te  panel personnel through 
repeated o rgano lep tic  s tu d ie s  w ith  ic e -s to re d  shrimp.
These in v e s tig a to rs  attem pted to  c o r re la te  the  o rgano lep tic  
stages in  shrimp d e te r io ra tio n  w ith  chemical and b a c te r io lo g ic a l 
changes. Chemical determ inations were made f o r  ty ro s in e  re a c tio n , 
amino n itro g en , trlm ethylam ine n itro g en , and v o la t i l e  a c id s . 
B ac te rio lo g ica l examination consisted  of determ ining to t a l  p la  e
counts, ly ro s in e  re a c tio n  values showed no d e f in i te  tren d  and were 
considered of no value as an index o f q u a lity  o r leng th  o f sto rage 
o f f re sh  Gulf shrimp.
Values f o r  both trlm ethylaraine n itro g en  and v o la t i l e  ac id s  
were found to  be of lim ited  value as in d ic e s  in  th a t  values fo r  
both  t e s t s  remained r e la t iv e ly  constan t fo r  an i n i t i a l  period  o f 
about lh  days and then inc reased  s ig n if ic a n t ly ;  however, these  
in c re ase s  lagged somewhat behind a s im ila r  in c rease  in  t o t a l  
b a c te r ia l  p la te  count. Amino n itro g en  determ inations showed the 
most promise as a q u a lity  measurement of the ic e -3 to re d  shrimp. 
These values decreased in  magnitude as the len g th  o f s to rag e  time 
in c reased .
Several reviews have appeared in  the l i t e r a tu r e  concerning 
biochem ical changes in  f is h  during ice  sto rage (2 , 90, 99, 108) , 
and these contain  inform ation  which i s  g en e ra lly  ap p licab le  to  
changes in  ic e -s to re d  shrim p. Moot in v e s tig a to rs  beliove  th a t  
spo ilage o f  such shrimp i s  caused mainly by b a c te r ia l  enaymes, but 
a u to ly tic  changes are d e f in i te ly  im portant (6 8 ). A sudden in c rease  
in  b a c te r ia l  load i s  o ften  taken to  in d ic a te  o nse t of sp o ilag e  in  
f i s h ,  and comparisons w ith  o rgano lep tic  changes in  shrimp show the 
same re la tio n sh ip  (35)* B a c te r ia l counts alone are u n re lia b le  in  
d i f f e r e n t ia t io n  o f various degradation  stages in  q u a lity  o f shrimp.
Some in v e s tig a to rs  consider t e s t s  fo r  ammonia u n re lia b le  as 
in d ic a to rs  of b a c te r ia l  spo ilage of f i s h  (90, 99), and th e re  i s  no 
genera l agreement concerning ammonia conten t as a q u a lity  index  
i'cv these  p ro d u cts . St.uuie3 conducted by F ieg er e t  al* (3 6 ) showed
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th a t  N essler n itro g en  in c reases  s l ig h t ly  w ith  the onset o f spo ilage 
and then rap id ly  as spo ilage progresses* These in v e s tig a to r . ' were 
unable to  suggest a d e f in i te  spo ilage index fo r  N essler n itro g en .
B eatty  and C o llin s (6) found s im ila r  changes in  amino n i t r o ­
gen values in  t h e i r  s tu d ie s  on p re ss  ju ic e  from cod t i s s u e .  The 
decreases approxim ately equaled the  in c reases  in  ammonia n itro g en  
leading  th ese  in v e s tig a to rs  to  suggest th a t  b a c te r ia l  deamination 
of amino ac id s  l ib e ra te d  from t is s u e  p ro te in  would account fo r  such 
r e s u l t s .  Campbell and YUliams (12) in  s tu d ie s  w ith  shrimp and 
Sigurdsson (99) in  s tu d ie s  w ith h e rrin g  obtained  in c reases  in  amino 
n itrogen  during re f r ig e ra te d  storage* I t  has been suggested th a t  
these  d iffe re n ce s  can p o ssib ly  bo explained on th e  b a s is  of d if fe re n t  
p ro te in  degradation p ro d u cts . I t  i s  a lso  p o ss ib le  th a t  th e  rap id  
a sso c ia tio n  o f amino groups w ith denatured p ro te in  molecules mask 
them from d e tec tio n  by the procedure employed (U).
Bailey e t  a l .  (U) reviewed chem ical, p h y s ic a l, and micro­
b io lo g ic a l t e s t s  u se fu l fo r  determ ining the r e la t iv e  q u a lity  of 
ic e -s to re d  shrimp. They c la s s i f ie d  the acceptab le  t e s t s  in to  th ree  
c a te g o r ie s ; (a) those in d ic a tin g  d e f in i te  changes in  prime q u a lity ;
(b) those s ig n ify in g  the onset of sp o ilag e ; and (c) o th e r  ap p licab le  
t e s t s  f o r  determ ining r e la t iv e  q u a l i ty .  Table I I  shows th e  t e s t s  
s tu d ied , th e  f r a c t io n  examined, and re fe ren ces  concerning the 
a n a ly t ic a l  method.
Three o f  the  chemical t e s t s  surveyed measure d e f in ite  
changes during th e  prime q u a lity  p e rio d ; these  are  t e s t s  fo r  
g?y'-.ogen-sugar con ten t, l a c t i c  ac id  co n ten t, and ac id -so lub lo
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TABLE II
OUTLINE OF USEFUL TESTS IN QUALITY 
STUDIES OF ICE-STORED SHRIMP (U)
T est E x trac tion  o r sep ara tio n  
employed
Reference
I* Tests th a t  in d ic a te  changes in  prime q u a li ty :
Olycogen-sugar $% T rich lo ro ace tic  ac id  
con tain ing  0.1# s i lv e r  
s u lfa te  e x tra c t
(5U)
L actic ac id $% T rich lo ro ace tic  ac id  
e x tra c t
(108)
A cid-soluble o rtho ­
phosphate
10# T rich lo ro ace tic  ac id  
e x tra c t
(108)
I I • Tests th a t  s ig n ify  the  onset of sp o ila g e :
Trimsthylamine 
n itro g en
5# T rich lo ro ace tic  ac id  
e x tra c t
(28)
V o la tile  acids Steam d i s t i l l a t i o n (10)
B a c te ria l p la te  
counts
Aqueous e x tra c t U 3)
Sulfhydry l groups Aqueous e x tra c t (65)
I II*  Other ap p licab le  t e s t s  fo r  determ ining r e la t iv e  q u a l i ty t
Hydrogen ion
concen tra tion
Tissue homogenated in  
w ater
(U)
Amino n itro g en Aqueous e x tra c t (70)
Hydration of
w ater in so lu b le  
p ro te in
T issue homogenated in  
w ater
(h>
S ulfhydryl groups 
(fe rricy an id o  
reduction )
Aqueous e x tra c t (W )
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orthophosphate content* Glycogen-sugar con ten t ra p id ly  inc reased  
during th e  f i r s t  th re e  days of ic e  s to ra g e , then  slow ly decreased 
u n t i l  th e  s ix th  day, a f t e r  which time i t  rap id ly  decreased to  a 
minimal le v e l .  L actic  acid  values in c reased  i n i t i a l l y  and then  
decreased* This I n i t i a l  in c rease  was a t t r ib u te d  to  th e  rap id  
breakdown o f carbohydrates* C o llin s  (16) rep o rted  a s im ila r  
in c rease  in  the  l a c t i c  ac id  conten t of p re ss  ju ic e  o f cod bu t could 
no t c o r re la te  the in c rease  w ith g ly c o ly tic  breakdown alone* Other 
workers have a lso  f a i le d  to  o b ta in  accurate  balances between glycogen 
decreases and la c t i c  ac id  in c rease  (6U, 102)* A fte r fo u r days' 
s to rage  th e  l a c t i c  ac id  in  shrimp was being oxidized f a s t e r  than i t  
was produced, re s u lt in g  in  a  rap id  decrease of th i s  co n stitu en t*
This was followed by a le s s  rap id  decrease fo r  th e  rem ainder of th e  
sto rage period*
Watson (110) p o s tu la te d  th a t  la c t ic  ac id  in  the  presence of 
trim ethylam ine oxide reac ted  to  form carbon d io x id e , w a te r , and 
trlm ethylam ine, and a lso  dem onstrated the  disappearance o f l a c t i c  
ac id  and appearance o f carbon d ioxide and trim ethy l. .e in  reduc­
ing  Achromobacter suspension incubated  with l a c t i c  ac id  and t r l ­
methylamine oxide* C o llin s  (16) a lso  found th a t  both  a c e tic  ac id  
and carbon dioxide in c re a se s  concom itantly w ith decreases in  l a c t i c  
ac id  as fu r th e r  evidence fo r  th e  operation  of th i s  re ac tio n  during 
the ice  sto rage  o f fish *  These changes are  p o ss ib ly  app licab le  to  
shrimp d e te r io ra tio n , bu t o th e r  mechanisms are  a lso  opera tive  since 
l a c t i c  ac id  does no t decrease appreciab ly  during the  perio d  o( 
rap id  r i s e  in  trim ethylam ine*
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A cid-so lub le orthophosphate decreases very ra p id ly  during th e  
f i r s t  few days o f sto rage and then  le s s  ra p id ly  throughout the 
rem ainder of the sto rage p e r io d . This change in  th e  p rogression  o f 
decrease in  orthophosphate occurs sh o r tly  a f t e r  the shrimp have l o s t  
t h e i r  prime q u a l i ty .  The mechanism fo r  t h i s  decrease in  ac id - 
so lub le  orthophosphate has n o t been e lu c id a te d .
Using commercially frozen  shrimp which were thawed,, then  
s to red  in  beakers in  r e f r ig e ra to r s  a f t e r  various treatm ents^
F arber (30) showed th a t  v o la t i le  reducing substances o f fe r  a  u se fu l 
means fo r  the chemical eva luation  of th e  s ta te  of fre sh n ess  of 
shrim p.
Among the  numerous breakdown p rocesses in  seafood, p ro teo ­
ly s i s  i s  p re v a le n t. Holding shrimp a t  32°F o r  20°F g en e ra lly  
r e s u l ts  in  a  much slow er ra te  of p ro te in  breakdown. S im ila rly , 
keeping shrimp a t  a i r  tem perature p r io r  to  ic e  sto rage involves 
an inc reased  p ro te in  decomposition w ith th e  re le a se  o f amino a c id s , 
inc lud ing  ty ro s in e , and the  subsequent rap id  conversion of the  
l a t t e r  to  melanin through the ac tio n  of pheno lases. Novak and 
F ieger (69) have shown in c reases  in  c e r ta in  f ro e  amino ac id s during 
ic e  s to ra g e . Simidu and H u jita  (100, 101) c le a r ly  e s ta b lish e d  in  
no le s s  than ten  commercial shrimp v a r ie t ie s  th a t  the f la v o r  i s  
r e la te d  to  the con ten t o f amino n itro g en , p a r t ic u la r ly  o f the 
monoamino group. More than h a l f  of th i s  was represen ted  by g ly c in e , 
which g radually  dec lined  in  amount during s to ra g e . This decidedly  
reduces the p a la ta b i l i t y .  I t  i s  notable th a t  no cy s te in e  o r  cy s tin e  
har been found in  shrimp (t>7)*
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Duggan and S trasb u rg er (26) p o s tu la te d  two p r in c ip a l  types o f 
decomposition in  raw shrimp. One o f th e s e , the p u tre fa c tiv e  typo , 
occurs when shrim p, before ic in g ,  are exposed fo r  a tim e and a t  a  
tem perature favorab le  f o r  b a c te r ia l  grow th. This breakdown i s  
c h a ra c te rised  by th e  appearance o f in d o le , presumably formed from 
tryptophan through b a c te r ia l  a c tio n . No in d o le  i s  ever found in  
f re s h  shrim p. Once s ta r te d ,  th i s  type of decomposition proceeds 
f a i r l y  ra p id ly  even though th e  shrimp a re  subsequently w ell ic e d .
The ammoniacal type of decomposition i s  n e c e ssa r ily  slow and i s  
ch a rac te rized  by an odor of f re e  ammonia, in  ad d itio n  to  o th e r 
odors asso c ia ted  w ith p ro te in  decomposition*
Indole has been recommended as a r e l ia b le  in d ic a to r  of 
spo ilage o f th e  raw m a te ria l p r io r  to  fre ez in g  and canning (25,: 2 6 ). 
I t  has been commonly used as a c r i te r io n  of in f e r io r  s a n ita t io n  in  
p rocessing  p la n ts  o r d e te r io ra tio n  in  sto rage p r io r  to  f in a l  
p rocessing  ( 5 ) .  Lartigue e t  a l .  (60) evaluated  th e  indo le  and 
trim ethylam ine te s t s  f o r  o y s te r  q u a l i ty .  These in v e s tig a to rs  
found th a t  w hile the  indo le  t e s t  developed by Clarke a t  a l .  (Hi) 
and th e  trim ethylam ine t e s t  of 1)yer (27) were s e n s it iv e  and capable 
o f  d e tec tin g  micrograra q u a n t i t ie s  of th e se  compounds, they  could 
n o t be used as in d ices  of o y s te r  sp o ilag e  sin ce  th e  valxies showed 
no d e f in i te  p a t te rn  o f change during sto rage o f th e  oysters*
S p in e ll i  e t  a l .  (105) have concluded th a t  trim ethylam ine i s  
u n sa tis fa c to ry  as an index  fo r  f la v o r  changes in  i r r a d ia te d  auo 
n o n -irra d ia te d  king crab meat.
The preceedlng l i t e r a tu r e  review v a l id a te s  th e  need io r
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development of a d d itio n a l o b jec tiv e  methods to  measure d e te r io ra tio n  
in  shrimp and o th e r  sh e llf ish *  While in d o le , trim ethylam ine, and 
ammonia production are  e x c e lle n t in d ic a to rs  o f gross spoilage of 
shrimp,, they a re  o f lim ited  value as gauges o f m arginal d o te r io ra ­
t io n .
Industry-w ide standards of s h e l l f is h  q u a li ty  have no t been 
e s tab lish e d  fo r  the simple reason th a t  th e re  are  no com pletely 
s a t is fa c to ry  methods by which d e te r io ra tiv e  changes can be accu ra te ly  
and q u a n ti ta t iv e ly  measured throughout t h e i r  course* The o ld e s t and 
s t i l l  most widespread means of eva luating  th e  a c c e p ta b il i ty  and 
e d ib i l i t y  o f shrimp are  the  sen ses: sm ell and s ig h t, supplemented 
by ta s te  and touch .
Farber (30) summarized the advantages and disadvantages of 
such su b jec tiv e  te s t in g  w ith the follow ing statem ent*
The reasons f o r  the  p re fe re n t ia l  use o f sensory t e s t s  
a re  obvious: no sp ec ia l lab o ra to ry  equipment i s  needed; the 
f i s h  can be examined wherever they happen to  be; the  t e s t s  
can be c a rr ie d  out qu ick ly ; and many samples can be evaluated  
in  a r e la t iv e ly  sh o rt tim e. These obvious advantages, however, 
a re  to  a g re a t ex ten t counterbalanced by a number of disadvan­
tag es in h e ren t in  the organo lep tic  method th a t  s ig n if ic a n t ly  
d e tra c t  from i t s  u se fu ln e ss . The use of the senses i s  a sub­
je c tiv e  procedure and a t  b e s t only very roughly q u a n t i ta t iv e .
The im pressions re g is te re d  are th e  r e s u l t  of the  In te ra c tio n  of 
a number o f p h y sio lo g ica l, p sycho log ica l, environm ental, and 
even economic f a c to r s ,  includ ing  s ta te  of h e a lth , personal 
p re ju d ic e s , p references and in te r e s t s ,  sensory ac u ity , freedom 
from d is tu rb in g  and in flu en c in g  cond itions in  the examining 
environment, and motives o f p o ss ib le  p r o f i t  o r lo s s .  The 
demand upon the senses becomes most c r i t i c a l  and d i f f i c u l t  
when they are  requ ired  to  d is t in g u ish  and assess  the so -ca lled  
b o rd e rlin e  stage of fresh n ess o r  th e  stage of in c ip ie n t s p o il­
age ( th a t  i s ,  when a f i s h  sample to  be judged i s  in  the l a s t  
s tages o f freshness o r  in  the f i r s t  stages of sp o ila g e ) . This 
ta sk  i s  w e ll recognized as a d i f f i c u l t  one, where even ex p eri­
enced judges o ften  d i f f e r  in  th e i r  ev a lu a tio n .
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I I I*  Carbonyl S tud ies t
Development of a n a ly tic a l techn iques, such as g a s - liq u id  
chromatography, capable o f measuring microgram o r  nanogram q u a n tit ie s  
o f c e r ta in  organic compounds, has rendered shrimp f la v o r  research  
p ra c tic a l*  I t  i s  now p o ss ib le  to  in v e s tig a te  groups of chemical 
components which, though p rese n t in  extrem ely sm all q u a n ti t ie s  in  
the  liv e  p roduct, undergo s ig n if ic a n t  changes follow ing death*
Among the  po ssib le  products of b a c te r ia l  ac tio n  and of the 
chemical breakdown o f unsa tu ra ted  f a t s  and amines are  the carbonyl- 
contain ing  substances, inc lud ing  koto a c id s , ketones, and aldehydes* 
D iace ty l, f o r  example, i s  a well-known product of la c to b a c i l l i  and 
c e r ta in  l a c t i c  s tre p to c o c c i. Monocarbonyl and dicarbonyl compounds 
have been used as in d ic a to rs  o f ra n c id ity .
A v a r ie ty  of carbonyl compounds are  found in  cooked and 
processed foods* Cooked chicken has been shorn to  con ta in  d ia c e ty l ,  
acetone, methyl e th y l ketone, and sa tu ra te d  and u n sa tu ra ted  aldehydes 
(81)* In  any mode of d e te c tio n , however, i t  must be kep t in  mind 
th a t  aldehydes are  veiy  reac tiv e  compounds, and care must be taken 
th a t  they do no t undergo re a c tio n s  such as a ld o l condensations 
during I s o la t io n  o r  chromatography*
E x trac tio n  and subsequent is o la t io n  of carbonyl-contain ing  
compounds from p la n t and animal t is s u e s  has been accomplished by ai 
number of genera l procedures* They a re  p a r t  o f  the n e u tra l  f ra c tio n  
o f the e x tra c t  o r  d i s t i l l a t e ,  inasmuch as they  cannot be is o la te d  
from a lco h o ls , e th e rs , o r  su lfu r-c o n ta in in g  compounds by adjustm ent 
o : p i .  However, they car. be separated  from o th e r n e u tra ls  by
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making use of the cap ac ity  of the  carbonyl group fo r  condensing w ith
reagen ts con tain ing  la b i le  hydrogen, such as 2 ,U -d in itrophe .j/lhyd ra-
s ln e , Fippen _et a l ,  (81) s tr ip p e d  the  carbonyl compounds f re e  from
cooked chicken by ae ra tin g  an aqueous s lu r ry  o f the  m acerated t is s u e
under r e f lu x . Carbonyls were c o lle c te d  by passing  th e  a i r  stream
through a tra p  contain ing  2 ,b -d in itrophenylhydrazine in  d i lu te  ac id
so lu tio n . A eration  was continued fo r  20 hours, a f t e r  which the
in so lu b le  hydrazones were c o lle c te d  by f i l t r a t i o n  and d iv ided  in to
monocarbonyl and polycarbonyl f ra c tio n s  by s e le c tiv e  s o lu b i l i ty  in
h o t a lcoho l o r  chloroform#
H alls (85) is o la te d  carbonyls from green peas by steam -
d i s t i l l i n g  them a t  atm ospheric p ressu re  f o r  two hours and c o lle c tin g
the  f i r s t  250 ml o f d i s t i l l a t e .  Carbonyls in  the  d i s t i l l a t e  were
p re c ip ita te d  w ith 2 ,h-d in itrophonylhydrazine and recovered by
f i l t r a t i o n .  These methods contain  d is t in c t  d isadvantages in  th a t
la rg e  samples are  requ ired  (2 to  5 kg) and the samples a re  exposed
to  r e la t iv e ly  high tem perature (above 80°C) f o r  r e la t iv e ly  long
periods of time (more than an h o u r) . These cond itions p red ispose
th e  system to  the p o ss ib le  c rea tio n  of carbonyls as a r t i f a c t s .
Carbonyls have been separated  su c cessfu lly  on se v e ra l types
o f chromatographic columns, Stephens and Tesssler (107) used
dinonyl p h th a la te  a t  87°C as th e  s ta tio n a ry  phase fo r  the  separa tion
o f C to  C. aldehydes, R alls (86) used carbowax 15U0 a t  90°C and 
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150°C f o r  sep ara tio n  o f C_ to  C aldehydes and k etones, Hawke& o
e t  a l , (U7) compared sev era l typos of columns and found th a t  
P luronic F68 and trl-m -to ly lphoopha te  gave b e t te r  sep ara tio n s  a t
2U
110°C than p a ra f f in  wax, s il ic o n e  o i l  o r  d ic a p iy l p h th a la te . There 
was some t a i l in g  o f peaks under th e  cond itions employed by th e  
l a t t e r  in v e s tig a to r s , and column tem peratures were h igher than 
those of th e  f i r s t  two workers•
Teates (115) obtained  ex c e llen t sep ara tio n  o f C. to  C
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aldehydes and ketones employing carbowax 20M and tem perature 
programming* Corkem (18) used l,2 * 3 - t r i s -(2-cyanoethoxy) propane 
in  p a r t i t io n in g  over 15 carbonyl compounds under iso therm al con­
d itio n s*
Working w ith f i s h  products o th e r  than  shrim p, Farber (29) 
found th a t  the  con ten t of the b is u lf i te -b in d in g  substances increased  
w ith spo ilage and varied  d ir e c t ly  w ith  th e  sensory find ings*
P roc to r e t  a l .  ( 83) found carbonyl compounds in  haddock f le s h  bu t 
rep o rted  no d iffe re n ce s  between f re s h  and sp o iled  f i s h ,
Obata e t  a l*  (7U, 75) repo rted  th e  id e n t i f ic a t io n  o f 
crotonaldehyde, iso -bu ty raldehydo , formaldehyde, and iso -v a le ra ld o -  
hyde as being p a r t ia l ly  responsib le  fo r  the malodor of sp o ilin g  
f ish *  Ota (77, 78) found v o la t i le  carbonyl concen tra tion  to  be 
very  sm all in  f re sh  fish *  Carbonyl con ten ts in c reased  w ith len g th  
of sto rage time and tended to  mount in  advanced sp o ilag e , A 
gradual form ation of acetaldehyde, n -butyraldehyde, and ace to in  
occurred during storage*
S tud ies concerned with th e  is o la t io n  and metabolism o f 
c.'trbonyls in  shrimp have not been observed in  the  l i t e r a tu r e *
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IV. R adiation P reservation  of F ishery  P ro d u c ts :
Raw f i s h  i s  an unstab le  food. Uhless i t  i s  preserved in  
some way* i t  i s  su b je c t to  b a c te r ia l ,  enzym atic, and chemical 
changes th a t  soon render i t  u n p a la tab le , then  in e d ib le . The 
prim ary o b jec tiv e  o f p re se rv a tio n  p rocesses i s  to  in h ib i t  o r  r e ta rd  
th e se  changes.
Several methods f o r  the  p rese rv a tio n  o f s h e l l f is h  products- 
as ad juncts  to  r e f r ig e ra te d  s to rag e  a t  v ario u s tem peratures are  
described  in  th e  l i t e r a t u r e ,  none of which o f f e r  a  panacea to  th e  
problem. I r r a d ia t io n  i s  the  mo3t o ffe c tiv e  of th e  newer techniques 
and has widespread a p p l ic a b i l i ty .
The amount o f  ra d ia tio n  trea tm en t employed depends on the 
food and the  r e s u l t  d e s ire d . I f  th e  main o b je c tiv e  i s  p ro longation  
o f sh e lf  l i f e ,  o r  sto rage tim e, a "p a s te u r iz a tio n 1* dose o f le s s  
than  1 .0  Mrad (g en era lly  between 0 .2  and 0 .6  Mrad) i s  employed. I f  
th e  aim i s  " s te r i l i z a t io n "  o f the product fo r  long-term  sto rage  
w ithout r e f r ig e ra t io n ,  th e  requ ired  dose i s  g re a te r  than 1 .0  Mrad 
(u su a lly  between 2 .0  and U.5> M rad).
Gamma i r r a d ia t io n  e f f e c ts  in  prolonging sto rage are  due 
p rim a rily  to  a reduction  in  th e  b a c te r ia l  load  and secondarily  to  
a u to ly t ic  enzyme in a c tiv a t io n . B a c te ria l growth i s  in h ib i te d  by 
k i l l in g  them o u tr ig h t o r by slowing th e i r  metabolism and repro­
ductive  r a t e .  A ctual mechanisms governing these  changes a re  not 
known a t  the p re sen t tim e. S te r i l i z a t io n  involv ing  in a c tiv e i J.^n 
o f b a c te r ia l  spo res, p a r t ic u la r ly  those of C lostrid ium  b o tu l ln u i, 
req u ire s  a dose of about li.8  Mrad to  give th e  degree o f in a c tiv a tio n
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customaxy f o r  "commercial"' s t e r i l i t y *  V egetative b a c te r ia ,  on the 
o th e r  hand, a re  destroyed by low dose exposure In  th e  neighborhood 
o f 0*5 Mrad (9 5 ).
Enzyme systems a re  apparen tly  considerably  le s s  su scep tib le  
to  d e s tru c tio n  by gamma i r r a d ia t io n .  Many enzymes have been shown 
to  m aintain th e i r  a c t iv i ty  even a f te r  exposure to  doses o f 20 to  
70 Mrad (23, 21*, 93 ).
S te r i l iz in g  doses o f ra d ia tio n  freq u en tly  cause a  reduction  
in  food q u a lity  due to  the production  of ob jec tio n ab le  odors and 
flavo rs*  Because o f th i s  l im ita tio n  th e re  i s  considerab le in te r e s t  
in  th e  use o f lower doses, o f ra d ia tio n , which while not g iving 
s t e r i l e  p roducts , u su a lly  r e s u l t  in  increased  sto rage l i f e  o f the 
product under c h il le d  conditions*
Although th e re  i s  in c reasin g  emphasis on the  use of sm all 
amounts of ra d ia tio n  to  minimize q u a lity  changes, th e re  are  se v e ra l 
genera l methods o f  reducing adverse e f f e c ts  which are  e f fe c tiv e  a t  
a l l  dose lev e ls*  Preventing access by oxygen during i r r a d ia t io n  
and subsequent sto rage u su a lly  has a b e n e f ic ia l  e ffec t*  In any case , 
prolonged sto rage of many foods in  the presence of oxygen would lead  
to  ox ida tive  ra n c id ity , a process which i s  u su a lly  hastened by 
I r r a d ia t io n  (61)*
Jl considerable amount of work has been done on the e f f e c t s  
o f io n iz in g  ra d ia tio n s  on n u tr ie n ts  in  v i t r o  and in  s i t u * Reviews 
by Read (89) and Raica a t  a l * (8U) provide complete and u p -tt - date 
inform ation  on the  su b jec t and a re  q u ite  re p le te  w ith d e ta ile d  
references* I t  can s a fe ly  be sa id , in  l ig h t  o f 18 years of w*»ii
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documented experim ental d a ta , th a t  d e s tru c tio n  o f n u tr ie n ts  by 
io n iz in g  ra d ia tio n s , even a t  high s te r i l i z in g  dose le v e ls ,  e i th e r  
p a r a l le ls  o r  i s  le s s  than th a t  caused by cooking*
T oxicological s tu d ie s  have been conducted on 21 rep re se n ta ­
t iv e  foods which were sub jec ted  to  ra d ia tio n  dose le v e ls  o f 2*79 
and Mrad* In  g en era l, i t  i s  agreed th a t  foods i r r a d ia te d  a t
5*5>8 Mrad con ta in  no to x ic  m a te ria ls  induced by t h i s  treatm ent* In  
another s e r ie s  of t e s t s  r a t s  were fed  a composite d ie t  of n ine foods 
supplemented w ith  n o n -irrad la te d  v itam ins and m inerals* No d i f f e r ­
ences could be found between these and animals consuming a d ie t  
contain ing  100 percen t of the  c a lo r ie s  as i r r a d ia te d  foods (8U)*
As a p a r t  o f the  U* S. Army ir r a d ia te d  foods program, sho rt-te rm  
(15 day) human feeding experim ents were undertaken* No to x ic  
e f fe c ts  were observed, and the d ig e s t ib i l i ty  o f the  m acronutrien ts 
and m etabolizable energy was s im ila r  in  both  the i r r a d ia te d  and 
n o n -irra d ia te d  d ie ts*
G oldb lith  (U2) surveyed th e  wholesomeness of i r r a d ia te d  
foods In  te rn s  o f p a s t h is to ry , p resen t s t a tu s ,  in te rn a tio n a l  
asp ec ts , and fu tu re  outlook* The au thor estim ated  th a t  approxi­
mately $8 m illion  has been expended in  the  p a s t  12 years in  demon­
s tr a t in g  th a t  foods s te r i l i z e d  by io n iz in g  ra d ia tio n  are  sa fe  and 
wholesome* The process of s u b s te r i l iz a t io n  i s  s t i l l  being evaluated , 
bu t th e re  I s  every reason to  b e liev e  th a t  t h i s  p rocess w i l l  a lso  
prove to  be safe and wholesome*
F ish  and o th e r  seafoods wore among the  f i r s t  fo o d stu ffs  to 
be te s te d  by ir ra d ia tio n *  P rocto r e t  al* (82) pioneered the
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i n i t i a l  work in  th i s  a rea . I t  e a r ly  became apparent th a t  doses 
req u ired  f o r  th e  commercial s t e r i l i t y  o f f is h e ry  products c rea ted  
such undesirab le  changes in  f la v o r  and odor as  to  render them 
o rg an o le p tica lly  unaccep tab le . These odors and f la v o rs  have been 
v a rio u s ly  described  as " m e ta llic " , " b u rn t- fe a th e r - l ik e " , and 
“rubbery". In  a d d itio n , s to rag e  o f th e  s t e r i l i z e d  p roducts re s u lte d  
in  the  development of strong b i t t e r  f la v o rs , brown and o th e r  d i s ­
c o lo ra tio n s , p a r t ic u la r ly  in  the w h ite -flesh ed  sp ec ie s , and at 
toughening of th e  te x tu re .  I r r a d ia t io n  e f f e c t s  were a lso  found to  
be sp e c ie -sp e c if ic  in  mapy in s ta n c e s , i .  e . ,  th e  ra d ia tio n  dosage 
th a t  could be app lied  w ithou t producing excessive undesirab le  
changes v a ried  with the  type of f i s h .  The maximum perm issib le  
dose th a t  could be given to  w hiting was found to  be 0 .20 to  
0 .2^ Mradj th a t  f o r  shrimp and crab meat was 1 .0  Mrad (7)«
Coleby (15>) repo rted  th a t  le v e ls  of ra d ia tio n  needed to  
b ring  about p a s te u r iz a tio n  o f food products depend on the  i n i t i a l  
b a c te r ia l  load and on the  type of p roduct. P a s te u riz a tio n  was 
u su a lly  e ffec ted  a t  le v e ls  ranging from 0.05> to  1 .0  Mrad, followed 
by re f r ig e ra te d  s to rag e .
Shewan (97) summarized the s ta tu s  of p re se rv a tio n  w ith  
io n iz in g  ra d ia t io n . Maximum dose le v e ls  th a t  could be used f o r  
the p rese rv a tio n  of 20 d if f e r e n t  sp ec ies  o f marine products were 
p resen ted , and some o f the  problems encountered in  p rocessing  the 
d if f e r e n t  sp ec ies  were po in ted  o u t.
Miyauchi e t  a l .  (66) i r r a d ia te d  king crab  meat a t  le v e ls  o f  
0.2 and 0.1* Mrad. Lower dosage re s u lte d  in  a  p roduct with high
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q u a lity  c h a ra c te r is t ic s  and w ith  a  s ig n if ic a n t  ex tension  in  sto rage 
l i f e  a t  r e f r ig e ra te d  tem peratures (33°F and U2°F)• At th e  h igher 
le v e l changes in  odor and f la v o r  occur, b u t sto rage  l i f e  i s  extended 
greatly- (U to  6 w eeks).
Novak e t  a l .  (73) found th a t  i r r a d ia t io n  o f G ulf Coast 
o y s te rs  a t  le v e ls  above 0.2 Mrad produced adverse o rgano lep tic  
changes. O ysters i r r a d ia te d  a t  0.2  Mrad and s to red  in  crushed ic e  
f o r  periods up to  21 days were su p e rio r  in  f la v o r , odor, and appear­
ance to  n o n -irra d ia te d  c o n tro ls  a f t e r  7 d ay s ' s to rage  and were s t i l l  
accep tab le a f t e r  the 21 day p e rio d .
Slnnhuber (103) found th a t  shrimp i r r a d ia te d  w ith 0 .5  and 
0.75 Mrad were not sp o iled  a f t e r  180 days a t  h5°F, and shrimp 
ir r a d ia te d  with 0.25 Mrad remained unspoiled  f o r  60 days. A lo s s  
o f i r r a d ia te d  f la v o r  was de tec ted  during  sto rage  o f the  shrimp a t  
15°F.
Scholz e t  a l . (92) rep o rted  th a t  cooked shrimp i r r a d ia te d  
a t  0 .5  and 0.75 Mrad remained in  good cond ition  throughout 18 weeks' 
s to ra g e . No v ia b le  organisms were found, and production  o f decom­
p o s it io n  products was s l ig h t  as  measured by the chem ical t e s t s .
Novak and Liuzzo (71) rep o rted  th a t  the dose o f ra d ia tio n  
which was judged to  be optimum f o r  p re se rv a tio n  o f Gulf shrimp 
was 0.15 to  0 .2  Mrad.
EXPERIMENTAL METHODS
I* In tro d u c tio n  t
S ub jec tive  te s t in g  procedures are p re se n tly  used by th e  
FDA in  determ ining shrimp quality*  As pointed  out in  th e  l i t e r a tu r e  
review , sensory te s t in g  i s  im portant in  food q u a lity  ev a lu a tio n  but 
i s  severe ly  lim ite d  In  i t s  n o n q u an tita tiv e  and roughly q u a l i ta t iv e  
nature*  The l i t e r a tu r e  i s  equally  im p l ic i t  in  no ting  th a t  in c ip ie n t  
spo ilage  in  shrimp cannot be determ ined w ith consistency  by sensory 
e v a lu a tio n . Only in  cases where o b jec tiv e  t e s t s  are  no t av a ila b le  
i s  i t  j u s t i f i a b le  to  employ su b jec tiv e  methods as s u b s t i tu te s  in  
q u a lity  measurements*
In  i t s  z e a l to  p ro tec t the  consumer p ub lic  from a d u lte ra te d  
foods, the  FDA has imposed such s tr in g e n t requirem ents on shrimp 
q p a lity  th a t  the very  l i f e  o f th e  in d u s try  i s  th reatened* Rigid 
co n tro ls  are  d e s ira b le  and co n stan t su rv e illan ce  im p era tiv e . At the  
same tim e such c o n tro ls  must be r e a l i s t i c  and based, where possib le*  
on th e  experience o f o b jec tiv e  a n a ly t ic a l  procedures* While se v e ra l 
t e s t a  have been developed to  measure known products o f shrimp decom­
p o s it io n , e* g*, in d o le , trim ethylam ine, and ammonia, i t  i s  recog­
nized th a t  they  a re  o f in s u f f ic ie n t  r e l i a b i l i t y  to  be independently  
employed as abso lu te ind ices*  A s a t is f a c to ry  so lu tio n  to  th is  
dilemma i s  u rgent and can be ac lieved by developing a s u f f ic ie n t  
number o f analyses whose re s u lts *  considered as a whole, w i l l  serve
JO
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as a  q u a n tita tiv e  measurement of shrimp decomposition*
With th i s  m otivation , the development o f a method f o r  th e  
measurement of carbonyls in  shrimp was undertaken* These compounds 
had been im plica ted  in  o th e r  types o f food sp o ilag e , b u t references; 
were no t a v a ila b le  o f t h e i r  sp e c if ic  involvement in  shrLmp decompo­
s itio n *  A review of methods employed in  the  removal and is o la t io n  
of carbonyls from these  o th e r  fo o d s tu ffs  in d ic a ted  th a t ,  w ith 
m o d ifica tio n s, the p r in c ip le s  involved would be ap p licab le  in  the 
development of methodology fo r  th o i r  determ ination  in  shrimp*
Most of th e  rep o rted  methods were fra u g h t w ith th e  p o te n t ia l­
i t y  o f  a r t i f a c t  genera tion  due to  the  degree and tim e o f r e la t iv e ly  
high tem perature exposure* Hence, major co n sid era tio n  in  method 
development wa3 given to  the se le c tio n  o f those a n a ly tic a l  techniques 
which would minimise th e  production of a r t i f a c t s  and maximize the 
removal of the  d es ired  components from th e  t i s s u e .
During experim entation involving e s ta b lish e d  a n a ly t ic a l  
t e s t s ,  e* g . ,  trim ethylam ine and ammonia, m odifications were made 
which would reduce the  e r ro rs  a sso c ia ted  w ith these  methods* This 
emphasizes the need fo r  continuous sc ru tin y  o f  e x is tin g  procedures 
to  improve th e i r  le v e l  of r e l ia b i l i ty *
Fresh shrimp were employed in  the  experim ental work when 
a v a ila b le . They were purchased d i r e c t ly  from a tra w le r  o p era to r 
and were caught in  b u t te r f ly  n e ts  in  Redfish Bay and o th e r in land  
bays lo ca ted  in  the v ic in i ty  of V enice, Louisiana* Immediately 
fo llow ing removal from the w ater, th e  shrimp were packed in  crushed 
ic e  and tran sp o rted  to  the  lab o ra to ry  where they were dehefd* C
32
p ee led , and deveined* Elapsed time from catching u n t i l  r e c e ip t  a t  
the  lab o ra to ry  was g en era lly  le s s  than 15 hours*
U tiliz a tio n  o f shrimp of known p a s t h is to ry  was considered 
o f upmost importance in  a ttach in g  proper s ig n ific an c e  to  the 
a n a ly t ic a l  re s u lts *  U nfortunately , some o f th e  referenced  d a ta  on 
shrimp decomposition was obtained using  samples of unknown p a s t  
h is to ry *  This i s  p a r t ic u la r ly  tru e  of r e s u l t s  published  by in v e s t i ­
g a to rs  f a r  removed, both in  space and tim e, from th e  o r ig in a l  source 
o f the sampling*
A ll samples of shrimp contain  t is s u e  in  v ario u s s ta te s  of 
d e te r io ra tio n *  The n a tu re  and co n cen tra tio n  of the  m etabolites- 
p re se n t a t  th e  s t a r t  of the experim entation w il l  be dependent on 
many fa c to rs  such as age of the sample, trea tm en t p r io r  to  sh ip ­
ment, method of packing f o r  shipment, method of shipm ent, handling 
in  t r a n s i t ,  and p rep ara tio n  f o r  study* Experimental values obtained  
w i l l  be d ic ta te d  to  a g re a t ex ten t by th e se  fa c to rs*  §jr knowing the 
p a s t  h is to ry  o f the shrimp samples, a n a ly tic a l  r e s u l t s  can be viewed 
in  the  p roper persp ec tiv e  and v a lid  conclusions drawn*
Experim ental methods employed in  the study o f carbonyl 
metabolism in  shrinp  decomposition are described  below*
II*  E x trac tion  o f Carbonyls from Shrimp:
A* P reparation  of Shrimp fo r  E x trac tio n  t
Shrimp samples were deheaded, peeled , and deveined 
immediately a f t e r  r e c e ip t  a t  th e  laboratory*  Deveined t is s u e  
was washed th ree  tim es w ith  fre sh  p o rtio n s  of ic e  water* A fte r
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d ra in in g , weighed amounts of the  t a i l s —u su a lly  336 g—were 
p laced  in  Scotchpak 2QA5 pouches* and h ea t sealed*
B. Solvent E x traction  o f Shrimp*
A b a tch -ty p e , co u n te rcu rren t, l iq u id - l iq u id  e x tra c to r  
(Figure 1) s im ila r  to  th a t  described  by Kolfenbach e t  a l * (*>6) 
and m odified by Senn (9li) was employed in  a l l  e x tra c tio n s  of 
shrimp tis su e *  A 2$0 ml bulb a t  the  base of the  column was 
adequate to  prevent emulsion bu ild u p . The sm all amount of 
o i l - i n  w ater emulsion th a t  tended to  form broke re a d ily  on 
standing* The 2$ mm ID e x tra c tio n  column was one m eter long 
from the 0*75 mm j e t  o r i f i c e  to  the  i n l e t  f o r  e x tra c ta n t*  
Diameter o f th e  j e t  was found to  be ra th e r  c r i t i c a l  in  c o n tro l­
l in g  th e  s iz e  of d ro p le t and th e  r a te  o f flow  o f th e  shrimp 
homogenate*
A 300 g sample o f th e  peeled and deveined shrimp was 
p laced  in  a 1000 ml Waring b lender ja r*  Three hundred m i l l i ­
l i t e r s  o f $0 percen t e th an o l (prepared  from 95> p e rcen t unde­
natured  e th an o l) were added, and th e  t is s u e  was homogenized a t  
h igh  speed fo r  1$ minutes* A dditional *>0 percen t ethano l was 
added as req u ired  to  m aintain a co n s tan t tu rnover o f tis su e *  
Temperature of th e  homogenate was m aintained below 60°C through­
ou t th e  b lending operation  to  keep th e  lo s s  o f v o la t i le s  to  a  
minimum. The homogenate was tra n s fe r re d  to  a 2000 ml beaker^ 
and th e  b lender j a r  washed w ith s u f f ic ie n t  $0 percen t «>vhanol 
to  b ring  the  t o t a l  o f e thano l employed to  a volume o f 900 jal
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(approxim ately th re e  tim es the volume of shrimp t is s u e  employed 
in  the  e x tra c t io n ) .
Sonication  of the  homogenate f o r  $ minutes using a. 
Biosonik I I  so n ica to r*  a t  an ou tpu t in te n s i ty  of 9 k ilo cy c le s  
vas employed to  fu r th e r  reduce th e  p a r t ic le  s iz e  o f the homo­
gena te . The son icated  sample was then  vacuum f i l t e r e d  (w ater 
a sp ira tio n )  through a No. $0 (U8 mesh) b rass  s iev e  screen in to  
a  2000 ml suc tion  f la s k  to  remove any re s id u a l coarse p a r t ic le s  
th a t  could clog the j e t .
The f i l t r a t e  was p laced  in  a 2000 ml sep ara to ry  funnel 
employed as the  e x tra c to r  r e s e rv o ir .  An in e r t  n itro g en  atmos­
phere was m aintained in  th i s  re s e rv o ir  throughout the  e x tra c tio n  
p erio d  to  minimize both carbonyl c re a tio n  and d e s tru c tio n  by 
a i r  o x id a tio n . I n i t i a l  passage through th e  e x tra c to r  was made 
under g rav ity  flow . Second and succeeding passages were con­
ducted under p o s it iv e  n itro g en  p ressu re  (3-5 p s ig )  a t  a  ra te  
of approximately 3 l i t e r s  p e r hour, the  ex trac ted  homogenate 
being c o lle c te d  and re tu rn ed  to  th e  re s e rv o ir  f o r  a  t o t a l  o f 
fo u r  e x tra c tio n s  “with th e  same batch  of so lv e n t. Homogenate 
le v e l  was not perm itted  to  r i s e  above the e x tra c ta n t i n l e t  
during the  e x tra c tio n . T o ta l elapsed  tim e of the  ex tra c tio n  
period  was approxim ately 90 m inutes.
Considerable foam was produced during  the homogenatior. 
and so n ica tio n  phases. Consequently, during th e  f i r s t  passage 
of homogenate through the  column la rg e  vapor bubbles were
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c re a te d , the upward movement o f which tended to  c a n y  sm all 
amounts of homogenate over in to  the  e x tra c ta n t b o ilin g  flask*  
While the presence of th i s  m a te ria l in  th e  b o ilin g  f la s k  was> 
no t considered d e trim en ta l to  the e x tra c tio n , i t  could re a d ily  
be co n tro lled  by perm itting  the  i n i t i a l  passage to  take  place 
under co n tro lled  g rav ity  flow*
Regulation of the  flow ra te  was required* Vhen p ressu re  
was app lied  to  in c rease  the  flow r a t e ,  the  homogenate emerged 
from th e  J e t  in  a f in e ly  d ispersed  spray wldch tended to  impede 
the  upward movement of fre sh  e x tra c ta n t and thereby  reduced 
the  ex tra c tio n  effic iency*  C areful c o n tro l o f the  flow  ra te  
through the  J e t  re su lte d  in  th e  aqueous phase being s u f f ic ie n t ly  
d ispersed  w ithout h indering  the  flow  of ex trac tan t*
Technical grade n-pentane (from petroleum , b*p* 33 to  
36°C), sub jected  to  p u r if ic a t io n , was used as the e x tra c ta n t 
solvent* Gas chromatographic adsorption  c h a ra c te r is t ic s  of 
th is  m a te ria l were found to  be id e n t ic a l  w ith  those fo r  
sp e c tro q u a lity  grade n-pentane and, f o r  economy reasons, was 
considered to  be th e  more d e s ira b le  grade. Approximately 
700 ml o f n-pentane were requ ired  to  f i l l  th e  e x tra c to r  column 
and bulb com pletely and the *>00 ml b o ilin g  f la s k  to  a le v e l  of 
about 200 ml* The e x tra c ta n t b o ilin g  f la s k  was heated w ith  a  
steam bath* Condensers were cooled to  0°C w ith  a  m ixture o f 
w ater and 2-propanol c irc u la te d  by a w ater b a th  coo ler 
(E* H* Sargent and Company). About J> percen t o f the so lv en t 
was l o s t  in  th e  e x tra c tio n  phase through condenser in e ff ic ie n c y
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and minor emulsion formation* A 95 p ercen t recovery of so lven t 
in  th i s  type of e x tra c tio n  i s  considered to  be q u ite  excellen t*
I I I*  I s o la t io n  and C oncentration of Carbonyls from Shrimp i
Following the  f i n a l  passage o f the  homogenate through the 
e x tra c to r  column* the system was allowed to  cool to  room tem perature* 
E x trac t in  th e  b o ilin g  f la s k  was tra n s fe r re d  to  a  500 ml separa to ry  
funnel and washed w ith two 20 ml p o rtio n s  of d i s t i l l e d  w ater to  
remove w ater so lu b les  such a s  simple sugars* Ten grams o f anhydrous 
sodium s u lfa te  (reagen t grade) were added to  th e  fu n n e l and the  
con ten ts were shaken v igorously  to  remove tra c e s  o f water* The 
d ried  e x tra c t  was passod through f lu te d  f i l t e r  paper in to  a. 500 ml 
b o ilin g  flask*  and the residue was washed w ith  20 ml o f  n-pentane* 
n-Pentane removal was accomplished by connecting the b o ilin g  
f la s k  to  a sh o rt Vigreux f ra c tio n a tin g  column (1*70 mm* packed w ith 
1/1* in* g lass h e lic e s )  and p lac in g  the  f la s k  in  a 50°C c irc u la tin g  
w ater bath* When th e  liq u id  volume was reduced to  approxim ately 
75 ml* the f la s k  was removed from the bath  and allowed to  cool*
Flask conten ts were tran sferred *  w ith n-pentane washing* to  a 
2-neck 100 ml b o ilin g  f la sk  which* a f te r  connection to  a micro 
fra c tio n a tin g  column (10 mm x  300 mm* packed w ith  1 /8  in* g la ss  
h e lice s)*  was then  placed in  th e  50°C w ater bath* Upon reduction  
o f th e  e x tra c t  volume to  5 ml* th e  f la s k  was removed from th e  bath  
and allowed to  cool to  room tem perature *
The f la s k  was then connected to  th e  f ra c tio n a tin g  column 
(10 mm x  120 mm* packed w ith 1/8 in*  g lass  h e lic e s )  o f a d i s t i l -
la t io n  assembly (Figure 2 ) .  Column hea ting  was accomplished by 
means of a hea ting  tape  covering the e n t i r e  leng th  o f the column*
As shown in  F igure 2 , the  column was connected to  an absorp tion  
tube (12 mm x  100 mm) immersed in  l iq u id  n itro g en  which functioned  
mg: a  t r a p  fo r  the  v o la ti le s *  Evacuation o f the  system was accom­
p lish ed  by means o f a vacuum pump connected to  the  trap *  The s t i l l  
p o t was immersed in  b o ilin g  w ater and evacuation m aintained f o r  a. 
period  of 15 minutes* Vacuum on the system was re leased  w ith 
n itro g en  adm itted through th e  side-neck o f  the  b o ilin g  flask *
D is t i l l a t e  m a te ria l was brought to  room tem perature and then  
added to  a chromatographic column (10 mm x  1$0 mm) packed to  a  
h e ig h t o f 5 inches w ith 60 to  100 mesh f l o r l s i l  (reagen t g ra d e ) .
The tr a p  was washed w ith 3 ml o f n**P«ntan e , washings being added
to  th e  column* hydrocarbons p resen t in  th e  d i s t i l l a t e  were removed
*
from the column by e lu tio n  w ith 25 ml of n-hexane (sp e c tro q u a lity  
grade)* Carbonyl compounds were e lu ted  from the column with 30 ml 
of carbony l-free  methanol, th e  e lu a te  being  c o lle c te d  in  a 125 ml 
separa to ry  fu n n e l. Two m i l l i l i t e r s  o f th i s  e lu a te  were removed 
f o r  t o t a l  carbonyl determ ination*
Remaining e lu a te  was d ilu te d  w ith 25 ml of d i s t i l l e d  w ater 
and ex trac ted  w ith  f iv e  15 ml p o rtio n s  o f  n -pen tane, Pentane 
la y e rs  were c o lle c te d  in  a 125 ml sep ara to ry  funnel* Five grams: 
o f anhydrous sodium s u lfa te  were added to  the funnel] con ten ts 
were shaken v igorously  and f i l t e r e d  through f lu te d  f i l t e r  pauer 
in to  a 100 ml beaker, Ihe resid u e  was washed w ith a 5 ml p o rtio n  
of n-pentane* Reduction of the  f i l t r a t e  volume to  approximaT,r!y
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Distillation Assembly
0*5 ml was achieved by evaporation from a g la ss  v io l  (21 mm x 70 mm) 
in  a stream  of n itrogen  a t  room tem perature* Sealing of the v i a l  
w ith  a serum type stopper f a c i l i t a t e d  sampling fo r  the gaa 
chromatographic analysis*
IV* Separation  o f Carbonyls from Shrimp:
Carbonyl compounds p re sen t in  th e  concen trated  f ra c t io n  were 
separated  by gas chromatography* Chromatographic u n it  employed 
was a  M icrotek Instrum ents Model GC-2000R equipped w ith both  dual 
flame and therm al co n d u c tiv ity  d e te c to rs  and w ith  autom atic temperas 
tu re  programmer* The reco rder was an E* H« Sargent Model TR w ith & 
1*0 mv range and a s e n s i t iv i ty  o f 0*1 percen t f u l l  scale*
Conditions e s tab lish ed  f o r  e f f i c ie n t  sep a ra tio n  o f the 
carbonyls are  shown in  Table I I I*
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Sample in je c t io n s  were made using  a Hamilton No* 701-N gas** 
t i g h t  sy ringe* .
Programming was I n i t i a te d  U minutes from th e  tim e of in jec tio n *  
A nalysis was completed w ith in  10 minutes a f te r  in jec tio n *
V* Id e n tif ic a t io n  of Carbonyls from Shrimp:
T en tative id e n t i f ic a t io n  o f shrimp carbonyls was accomplished
by su b jec tin g  the concentrate  obtained from the e x tra c tio n  o f
2000 g of t is s u e  to  chromatographic sep ara tio n  on two d if fe re n t
column packings* R etention tim es of th e  sample component peaks.
were compared w ith those f o r  known carbonyla*
Columns employed were the  carbowax SOM described  in  Table I I I
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TABLE III
OPERATING PARAMETERS FOR GAS CHROMATOGRAPHIC 
ANALYSIS OF CARBONYLS IN SHRIMP
Column 1/6 in*  by 8 f t  s ta in le s s  
s t e e l ,  packed w ith 20 percen t 
carbowax 20?I on 60 to  80 mesh 
Chromport XXX
D etecto r Dual hydrogen flame
D etecto r tem perature 22f>°C
I n le t  tem perature 200°C
Column tem perature Programmed from $0°G to  150°C
Program ra te 10°C p e r  minute
C a rr ie r  gas Helium
C a rr ie r  flow  ra te 35 cc per minute a t  $0 p sig
A ir flow  ra te 283 cc p e r minute a t  1*0 psig
hydrogen flow ra te 60 cc p e r minute a t  1*0 p s ig
Chart speed 1*0 in* p e r  minute
Sample s ia e Aft' noted (u su a lly  1*5 to  2 ,0  ml)
A ttenuation As noted (u su a lly  X x  8)
and a 1/8 in* by 10 f t  s ta in le s s  s te e l  column packed w ith 5 percen t 
1 ,2 ,3- t r i s - (2-cyanoethoxy)-propane on 60 to  70 mesh s i la n iz e d  
Chromport XXX • Operating cond itions as noted in  Table I I I  were 
employed fo r  both columns w ith  the exception th a t  th e  l a t t e r  column 
was operated iso therm ally  a t  50°C.
V I, Determ ination o f T o ta l Carbonyl Content o f Shrimpi 
A, Proceduret
Procedure used fo r  the d eterm ination  o f t o t a l  carbonyl 
con ten t was th a t  of Lappin and C lark (59) w ith m odifications;.
To 2 .0  ml of th e  unknown so lu tio n  were added 2 .0  ml o f 
the  2,U -dinitrophenylhydrazine reag en t, 1 ,0  ml o f d i s t i l l e d  
w ate r, and two drops of concen tra ted  hydrochloric a c id .
A ddition of d i s t i l l e d  w ater prevented the  form ation o f s a l t  
c ry s ta ls  when the so lu tio n  was rendered basic  in  a l a t e r  s tep  
in  the procedure. The tube was lo o se ly  stoppered  and heated 
in  a w ater bath  a t  50°C ( io .l°C )  fo r  30 m inutes. A fte r coo ling , 
5 .0  ml of the potassium  hydroxide so lu tio n  were added. The 
alm ost b lack  so lu tio n  which re s u lte d  ra p id ly  c lea red  to  & 
c h a ra c te r is t ic  w ine-red c o lo r . O ptical d en s ity  of the  so lu tio n  
was determined a t  U60 mu using  a Beckman Model DU sp ec tro ­
photometer w ith p h o to m u ltip lie r a ttachm ent. The instrum ent 
was ad ju sted  fo r  100 percen t transm ittance  fo r  the so lu tio n  
from the blank determ ination . C arbonyl-free methanol was 
used in  th e  b lan k .
 ” g  — "M icrotek Instrum ents I re ..,  3aton Rouge, Louisian*
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The spectrophotom eter was s tan d ard ized , and a c a l ib ra ­
t io n  curve was co n stru c ted  from th e  observed o p tic a l  density*  
Figure 3 rep resen ts  a ty p ic a l  s tan d ard  curve determ ined by 
th i s  procedure*
B* P rep ara tio n  of Reagents:
Reagents used in  the procedure were prepared according 
to  th e  follow ing d irec tio n s*
C arbonyl-free methanol was prepared by adding $ g o f 
2 ,U -dinitrophenylhydrazine (reagen t grade) to  500 ml of 
methanol (reagen t grade)* Ten drops o f concen tra ted  hydro­
c h lo ric  ac id  were a lso  added* A fte r  re flu x in g  fo r  two hours 
th e  methanol was d i s t i l l e d  through a sh o rt Vigreux column and 
s to red  in  a t ig h t ly  stoppered b o t t l e .
AL sa tu ra ted  so lu tio n  of 2 ,U -dinitrophenylhydrazino was 
prepared  by adding one gram of 2 ,U -d in itrophenylhydrazine, 
which had been tw ice re c ry s ta l l iz e d  from carb o n y l-free  methanol, 
to  100 ml of carbony l-free  m ethanol. This so lu tio n  was p re ­
pared fre sh  each day*
Potassium hydroxide so lu tio n  was prepared by d isso lv in g  
10 g of potassium  hydroxide (reagen t grade) in  20 ml of d is ­
t i l l e d  w ater and making to  100 ml w ith  carb o n y l-free  methanol*
V II. D eterm ination o f Indo le* Ammonia N itrogen* and Trimethylamine 
N itrogen in  Shrimp:
A* In d o le :
Indole con ten t was determ ined using th e  method
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Typical Standard Curve fo r  T otal Carbonyl
described  by Tumor (109) * Twenty-five grams, o f cu t shrimp 
were p laced  in  a q u a r t- s iz e  Waring b lender j a r  w ith  100 ml of 
of 5 p ercen t t r ic h lo ro a c e t ic  ac id  (reag en t grade) and 25 ml o f 
d i s t i l l e d  w ater. Contents were blended fo r  5 minutes and then 
q u a n ti ta t iv e ly  tra n s fe r re d  to  a 2*>0 ml volum etric f la s k .  A fte r 
making to  volume w ith d i s t i l l e d  w ater and thoroughly mixing, 
approxim ately 50 ml o f the  blended m a te ria l were cen trifu g ed  
a t  2500 rpm fo r  5 m inutes. From 1 to  20 ml of th e  c le a r  
superna tan t were p laced  in  a 250 ml sep ara to ry  funnel and made 
up to  a volume o f 20 ml w ith d i s t i l l e d  w ater. S ize of the 
a liq u o t employed was determ ined by the  estim ated  indole con­
te n t  of th e  e x tra c t .
Ten m i l l i l i t e r s  o f petroleum  e th e r  (reag en t grade) were 
added to  th e  funnel and the con ten ts were shaken v igo rously .
The aqueous la y e r  was tra n s fe r re d  to  another 250 ml separa to ry  
funnel and ex trac ted  again w ith a  10 ml p o rtio n  o f petroleum  
e th e r .  A fte r  the  e th e r  fra c tio n s  were combined, 10 ml of 
£-dimethylaminocinnamaldehyde reagen t were added, the con ten ts 
were shaken v igo rously , and the co lo red  aqueous la y e r  was 
drained  in to  a tube and cen trifuged  a t  2500 rpm fo r  5 m inutes,
A blank determ ination  was made using  d i s t i l l e d  w ate r. A fte r  
s tanding  fo r  30 minutes from the time of ad d itio n  of the 
£ -dimethylaminocinnamaldehyde, o p tic a l  d e n s it ie s  were 
determined a t  6U0 mu using  a. Bausch and Lomb "Spectronic ;?0" 
spectrophotom eter. C oncentrations of indole p resen t were 
read  from a c a lib ra tio n  curve.
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B. Ammonia N itrogen:
Ammonia n itrogen  determ inations were made according to  
at m odification  of the procedure described  by Moen (67)•
A m odified Conway m icrod iffusion  c e l l  (76) c o n s is tin g  
of th ree  chambers was employed in  the  determ inations* Two 
m i l l i l i t e r s  o f standard  ac id  con tain ing  in d ic a to r  were p laced  
in  th e  in n e r chamber. One and a h a lf  m i l l i l i t e r s  o f s a tu ra te d  
potassium  carbonate (reagen t grade) so lu tio n  were added to  
the c lo s in g  chamber* In  th e  o u te r d iffu s io n  chamber was 
p laced  an app rop ria te  amount (u su a lly  1 or 2 ml) of the c le a r  
superna tan t from the indole ex trac tio n *  One m i l l i l i t e r  o f 
the  sa tu ra te d  potassium  carbonate so lu tio n  was added to  the 
o u te r d if fu s io n  chamber and the l i d  was immediately p u t in  
place* The d ishes were ro ta te d  to  mix the so lu tio n s  in  the 
o u te r d if fu s io n  chamber and then p laced in  an incubato r a t  
37*^ 3 fo r 2 hou rs. Excess ac id  in  the  ce n te r  w ell was t i t r a t e d  
w ith standard  barium hydroxide so lu tio n .
C alcu la tion  of th e  ammonia n itrogen  p resen t was made 
according to  the follow ing re la tio n sh ip :
NH.-N in  mg per
100 g shrimp -  (Vfi x NQ x 11* x 2^22 ) .  TMA-N
S
where
Vg * volume of Ba(OH)^ in  ml 
Ng * norm ality  of Ba(0H)g 
V„ ■ volume of sample in  ml
Use o f the m odified Conway c e l l  e lim inated  many of the 
problems encountered w ith th e  two-chambered c e ll*  The modified 
c e l l  avoided the use of grease by having an e x tra  chamber 
(the  c losing  chamber) which was h a lf  f i l l e d  w ith the seme 
so lu tio n  as th e  ou ter d if fu s io n  chamber w ith the exception of 
the  sample f lu id  to  be analyzed. A l iq u id  tra p  was formed by 
the  c le a r  p la s t ic  top which was dipped in to  the o u te r  c lo sing  
chamber thereby  excluding the p o s s ib i l i ty  of gas leakage, and, 
as the l iq u id  in  the tra p  was a lso  th a t  used to  l ib e ra te  the 
ammonia in  the ou ter d iffu s io n  chamber, the r is k  of absorp tion  
was e lim in a ted .
C. Trimethylamine N itrogen:
Trlmethylamine n itrogen  was determ ined by a m odification  
of the procedure of Moen (9 5 ). The procedure was id e n t ic a l  to  
th a t  described  above fo r the determ ination  o f ammonia n itrogen  
w ith the follow ing a d d itio n a l s te p s . Two m i l l i l i t e r s  of 
10 percen t formaldehyde so lu tio n  were added to  the c lo s in g  
chamber and a lso  to the ou ter d iffu s io n  chamber p r io r  to  the 
ad d itio n  o f sa tu ra te d  potassium  carbonate to  the ou te r chamber.
C alcu lation  of the trim ethylam ine n itrogen  p re se n t was 
made according to  th e  follow ing re la tio n sh ip :
TMA-N in  mg per _ ___
100 g shrimp •  (V0 x N x lU x i£22)
S
where
V ■ volume of Ba(0H)o in  ml
1*8
N » norm ality  of Ba(OH) a 2
Vg ■ volume o f sample in  ml
V III . M icrobiological Examination of Shrimp:
M icrobio log ical examination of shrimp co n s is ted  of t o t a l  
p la te  count determ inations a t  20°C and 3E>°C. Eleven grams o f peeled  
and devoined shrimp wore a s e p tic a l ly  blended w ith 99 ml of s t e r i l e  
w ate r, and app ro p ria te  s e r i a l  d ilu tio n s  were made from th is  prim ary 
d i lu t io n .  Tryptone-glucose e x tra c t  agar was used as th e  p la tin g  
medium (116). T o tal count p la te s  incubated a t  20°C were examined 
a t  5 days. P la te s  incubated a t  3$°G were examined a t  1*8 hou rs.
The b a c te r ia l  count was expressed as the number of co lon ies per 
gram o f the sam ple.
C la s s if ic a t io n  of is o la te s  in  c e r ta in  of the  s tu d ie s  ware 
made according to  Bergey1 s Manual o f D eterm inative B acterio logy  ( 8 ) .
U ltra v io le t and In fra re d  Analysest
U ltra v io le t sp ec tra  were obtained using  a Beckman Model DU 
spectrophotom eter equipped w ith  a hydrogen lamp source and photo­
m u lt ip lie r  attachm ent.
In fra red  sp e c tra  were obtained using  a Perkin-Elm er Model 237 
in f ra re d  spectrophotom eter.
X. S torage and I r r a d ia t io n  S tu d ie s :
Storage s tu d ie s  in  crushed ice  were conducted by p lac ing  
the  sample pouches in  a styrofoam ic e  ch est w ith a la y e r  o f crvshed 
ice  surrounding the sample. The che3t  was p laced  in  a coldroor.1 a t
5.5°C ( i0 .2 °C ). Water was drained  from th e  che3t  a t  U8 hour 
in te rv a ls  and crushed ice  rep len ished  as req u ired .
I r r a d ia t io n  was made a t  a dosage le v e l of 0,2 Mrad w ith 
co b a lt-6 0  in  the 11,000 cu rie  i r r a d ia to r  located  a t  the  Nuclear 
Science Center on the Baton Rouge campus of Louisiana S ta te  
U n iv ersity ,
RESULTS AND DISCUSSION
When analyzing th e  q u a lity  of foods and o th e r  b io lo g ic a l 
m a te r ia ls , i t  i s  necessary  to  perform chem ical, m ic ro b io lo g ica l, 
p h y s ic a l, and o rgano lep tic  te s ts*  This inc ludes eva luation  o f the 
n u t r i t io n a l  s ta tu s  and b io lo g ic a l a v a i la b i l i ty  o f the  t i s s u e .
Shrimp q u a lity  i s  a m an ifesta tio n  o f the  presence of many m etabolic 
components produced by a m ultitude of m etabolic pathways* I t  should 
n o t be a n tic ip a te d , in  f a c t  i t  i s  h ig h ly  im probable, th a t  a s in g le  
a n a ly t ic a l  t e s t  t r i l l  be e s ta b lish e d  as an abso lu te  index o f shrimp 
quality*
Presence o r  absence of c e r ta in  chemical components alone does 
n o t give a tru e  p ic tu re  of the  food q u a lity  o r  i t s  p a tte rn  and 
mechanism o f decom position. For example, indo le  may bo p re sen t in  
measurable q u a n t i t ie s ,  and y e t the  product may be o rg an o le p tica lly  
acceptable* Trimethylamine values may be low, and the product may 
be ined ib le*  Indole and trim ethylam ine values are  meaningful 
chem ical in d ic e s ,o f  shrimp q u a lity  only when considered in  l i g h t  of 
o th e r  chem ical, m icrob io log ica l, p h y s ic a l, and o rgano lep tic  d a ta .
Every an a ly s is  th a t  can bo developed f o r  measuring m etabolic 
components in  shrimp w il l  co n trib u te  to  a so lu tio n  o f th e  o v e ra ll 
problem of q u a lity  ev a lu a tio n . The more in te r r e la t io n s h ip s  th a t  
can be e s tab lish ed  and mechanisms e lu c id a ted  th e  b e t t e r  w il l  be the 
understanding o f those fa c to rs  co n tro llin g  f la v o r  production .
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Flavor I s  a su b tle  and complex sensation  and i s  a combination 
o f ta s te ,  sm ell, and fee l*  Every chemical component of a given food 
co n trib u tes  to  the  f la v o r  sen sa tio n  experienced fo r  th a t  food.
C erta in  components in fluence  the f la v o r  to  a g re a te r  degree than 
o th e rs , and the p a r t ic u la r  group o f these  major co n trib u to rs  w il l  
vary  from food to  food, end w ith in  a given food depending on age, 
tem perature, pH, e tc .
Odor i s  an in te g ra l  p a r t  o f the f la v o r  machinery and in  
general re s u lts  from the v o la t i l i t y  of c e r ta in  groups of chemical 
components whose q u a n titie s  may o r  may no t be p ro p o rtio n a l to  the  
e f f e c ts  induced since sy n e rg is tic  and ad d itiv e  asp ec ts  must a lso  be 
taken in to  co n s id era tio n . Prime f la v o r  components, u n fo rtu n a te ly , 
a re  n o t n e c e ssa r ily  those p resen t in  th e  la rg e s t  co n cen tra tio n s .
Many of the compounds are encountered only in  van ish ing ly  minute 
amounts. Many are so reac tiv e  and unstab le  th a t  they are  e a s i ly  
a lte re d  during exam ination. In v e s tig a to rs  in  the f i e ld  are  impressed 
by the  g re a t complexity o f the  m ixture o f v o la t i le  f lav o rin g  sub­
stances th a t  have been obtained from most of th e  foods s tu d ied ,
A review of the l i t e r a tu r e  in  the  f i e ld  o f f la v o r  chem istry 
re a d ily  d isc lo se s  th a t  most in v e s tig a tio n s  have cen tered  around 
th ese  v o la t i le  components, notably  carbony ls, a c id s , amines, e th e rs , 
and a lco h o ls . S tudies by S tanley (106) and Senn (9b) on f r u i t  
f la v o rs , by Pippen (80) on p o u ltry  f la v o r , by Day (20) on milk 
f l a v . r s ,  and by H om stein (50) on lean  meat f la v o r  are  repre jcn ta tiv e  
o f work involv ing these groups o f compounds. Without exception , 
carbonyls are  im plica ted  as major f la v o r  co n trib u to rs  in  a l l  o f the
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foods s tu d ied .
S ca rc ity  o f re ferences to  carbonyl determ inations in  s h e l l f is h  
i s  r e f le c t iv e  o f : (a) presence of these  m a te r ia ls  a t  micro o r
submicro le v e ls , and (b) lack  o f s a t is fa c to ry  methods f o r  th e  q u an ti­
ta t iv e  removal o f th ese  compounds from the  t is s u e  under co n s id e ra tio n . 
This l a t t e r  cond ition  has presen ted  a major hindrance to  s tu d ie s  of 
the  chemical composition o f b io lo g ic a l m a te r ia ls . Most s tu d ie s  
consequently have been concerned w ith q u a l i ta t iv e  re la tio n s h ip s , and 
even th e se  have l e f t  much to  be d e s ire d , e s p e c ia lly  with re sp ec t to  
in te r re la tio n s h ip s  between m etabolic components.
Procedures which are s a t is fa c to ry  fo r  the removal o f a given 
component from one type of t is s u e  may be com pletely u n sa tis fa c to ry  
f o r  the is o la tio n  o f th a t  3ame component from a d if f e r e n t  type of 
t i s s u e .  As noted in  the  l i t e r a tu r e  review th e re  are  a number of 
references to  methods used in  th e  removal o f carbonyls from various 
b io lo g ie s , none of which are concerned w ith  shrim p. Consequently, 
i t  was necessary  to  develop a procedure fo r  th e  I s o la t io n  and con­
ce n tra tio n  of these components from shrimp t i s s u e .
C ountercurrent l iq u id - l iq u id  e x tra c tio n  i s  a very  common 
procedure employed in  is o la t io n  and p u r if ic a t io n  work. I t  i s  
extrem ely valuable in  th e  is o la t io n  of substances from two-phase 
systems which undergo ex tensive emulsion form ation when more con­
v en tio n a l e x tra c tio n  techniques are used . I t  i s  su rp ris in g  th a t  
th i s  valuable technique had no t been employed by more in v e s ti g a to rs  
in  the  f ie ld ,  s in ce  i t  i s  ready-made fo r  is o la t io n  o f many components 
from b io lo g ic a l Systems.
S elec tio n  o f an e f f i c ie n t  e x tra c tio n  so lven t was th e  key to  
th e  su ccessfu l employment o f  th i s  technique in  the  is o la t io n  o f 
carbonyls from shrimp. Homogenation and son ica tion  o f the shrimp 
t is s u e  in  f>0 p ercen t aqueous ethano l f a c i l i t a t e d  l ib e ra t io n  o f th e  
carbonyls from th e  c e l l s  through c e l l  w all d e s tru c tio n . This d ic ta te d  
th a t  the  e x tra c tio n  so lv en t be nonpolar f o r  maximum im m isc ib ility  with 
th e  aqueous phase. Cone omit an t ly , th e  so lv en t system had to  f u l f i l l  
th e  c r i t e r i a  of* (a) ex h ib itin g  I n f in i t e  s o lu b i l i ty  fo r  th e  c a r­
bonyls p resen t in  the  homogenate, and (b) having a low b o ilin g  
p o in t which would perm it th e  maintenance o f low tem perature through­
out th e  ex tra c tio n  and is o la t io n  procedures* D iethyl e th e r  and 
n-pentane were so lv en ts  f u l f i l l i n g  these  c r i t e r i a .  Senn (9U) found 
th a t  e th e r  ex tra c te d  la rg e  amounts o f undesirab le  n o n v o la tile  
m a te r ia l . Because of th i s  and the f a c t  th a t  n-pentanc i s  le s s  
expensive and le s s  hazardous, i t  was employed as th e  e x tra c tio n  
so lv e n t.
Vacuum d i s t i l l a t i o n  o f the concentrated  e x tra c t  enabled a 
sep ara tio n  o f the  v o la t i le  components from th e  n o n v o la tile s . Dis­
t i l l a t i o n  was conducted w ith  caution  to  prevent entrainm ent o f p ig ­
ment residue in to  the d i s t i l l a t i o n  column. I t  was found th a t  th is  
res id u e  tended to  decompose when co n tac t was made w ith  the  heated 
column, y ie ld in g  sev era l la rg e  component peaks in  the  chromatographic 
a n a ly tic .  These decomposition products ex h ib ited  an unusual te n a c ity  
fo r  the carbowax 20M column packing, n e c e s s ita t in g  se v e ra l days of 
helium purging and high in l e t  tem perature to  e lim inate  th e  bleed o f 
th<,*£> i m a te ria ls  onto th s  column during tem perature programming*
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This i s  po in ted  out to  emphasise the need f o r  co n tin u a lly  guarding 
ag a in st th e  genera tion  of a r t i f a c t s  which could e a s i ly  p re jud ice  
r e s u lts  and add to  confusion which a lready  e x is ts  in  the  area  of 
f la v o r  chem istry research* Subsequent trap p in g  o f th e  v o la t i le s  
by l iq u id  n itro g en  cooling in su red  a minimal lo s s  of th e  carbonyls' 
during th e  v o la t i l i z a t io n  step* Some ae ro so l fo m a tlo n  was n o tic e ­
ab le as th e  d i s t i l l a t e  was brought to  room tem perature, b u t th is  
was p r a c t ic a l ly  e lim inated  by in te rm ed ia te  wanning in  ic e  water* 
Presence o f nonoxygenated v o la t i le s  in  the  d i s t i l l a t e  
n e c e ss ita te d  th e  employment o f an a d d itio n a l is o la t io n  technique*
Column chromatography, using f l o r i s i l  as a s e le c tiv e  adsorbent, 
e ffe c te d  an e x c e lle n t sep ara tio n  of oxygenated components from 
nonoxygenated v o la ti le s *  These l a t t e r  compounds were no t adsorbed 
and could be re a d ily  removed by e lu tio n  with n-hexane (Ul)*
Reclamation o f th e  carbonyls was accomplished by e lu tio n  w ith  
carbony l-free  methanol*
G as-liqu id  p a r t i t io n  chromatography i s  one o f th e  most 
powerful sep ara tio n  methods ava ilab le*  I t  can be used in  f la v o r  
in v e s tig a tio n s  fo r  sep ara tio n  and d e tec tio n  o f v o la t i l e  compounds 
is o la te d  from food products* Io n iza tio n  d e te c to r  equipped in s t ru ­
ments are  much more s e n s itiv e  and are  more s ta b le  w ith re sp ec t to  
changes in  operating  param eters than are  therm al d e te c to r  equipped 
instrum ents* The former type respond to  as l i t t l e  as 1 0 " ^  to  1 0 " ^  
mole o f so lu te  in  the  c a r r ie r  g ts*
S elec tion  o f the  most e f f ic ie n t  column fo r  sep a ra tin g  the 
carbonyls was based p rim arily  on vhe recommendations of chromatographic
a u th o r i t ie s  (18, 11$)* Other operating  cond itions were determined 
by t r i a l  and e r ro r .  High n-pentane to  carbonyl r a t io  in  the f in a l  
concen tra te  re su lte d  in  only f a i r  re so lu tio n  of the  low er m olecular 
weight carbony ls. During the id e n t i f ic a t io n  s tu d ie s , some improve­
ment in  re so lu tio n  was achieved by coupling a  U f t  by 1/U i n .  s ta in ­
le s s  s te e l  column, packed w ith *> percen t SE-30 on 60 to  80 mesh 
Chromport XXX, to  the  sample column.
Major advantages o f the  methodology developed in  th i s  study 
a r e s (a )  sm all sample s ize  requ ired  ( le s s  than one pound),
(b) low tem perature requ ired  ( le s s  than 60°C), and (c )  r e la t iv e ly  
sh o rt period  of time requ ired  f o r  complete an a ly sis  (8  h o u rs). 
F u rth e r developmental study would be d e s ira b le  to s  (a) evaluate  
the  e x tra c tio n  e ff ic ie n c y  o f o th e r  so lv en t system s, (b) reduce th e  
tim e required  f o r  complete a n a ly s is , and (c )  improve the concen­
t r a t io n  procedure and thereby re ta in  a la rg e r  percentage o f the  
ex tra c ta b le  carbonyls fo r  chromatographic exam ination.
U ltra v io le t specta  were obtained  on th e  pigmented residues 
deposited  in  the s t i l l  po t during the vacuum d i s t i l l a t i o n .  A major 
absorp tion  band a t  2U0 m illim icrons was ob ta ined  fo r  a l l  th e  samples 
examined. No major d iffe ren ces  in  the sp e c tra  were d is c e rn ib le , 
d iscoun ting  any s ig n if ic a n t  re la tio n sh ip  between spo ilage  and natu re  
o f th e  pigment.
In fra re d  spectroscopy s tu d ie s  confirmed th e  presence o f 
carbonyls in  th e  co n cen tra tes . Absorption c h a ra c te r is t ic s  ir* the 
reg ion  o f 1700 cm"^ (5.6  microns) in d ic a te d  th e  presence of d io n es.
V isco sity  changes in  the  homogenates were observed d u ii  \g
th e  sto rage s tu d io s . Decreasing v is c o s ity  w ith  in c reasin g  sto rage  
tim e, probably as a r e s u l t  o f p ro te o ly s is , suggests th e  need fo r  
fu r th e r  eva luation  of these  changes as a s ig n  o f in c ip ie n t sp o ilag e .
When studying m etabolic components p re sen t a t  the microgram 
le v e l ,  as in  the case of carbony ls, i t  i s  d e s ira b le  th a t  the sample 
be as b io lo g ic a lly  f re e  from contam ination—b a c te r ia l  and otherw ise— 
as i s  te c h n ic a lly  f e a s ib le .  Only under these  cond itions can i t  be 
assumed th a t  th e  m a te ria ls  measured re p re se n t those a c tu a lly  derived 
from t is s u e  metabolism. Even when id e a l circum stances e x i s t ,  c e r ta in  
fo o d stu ffs  are so su scep tib le  to  m icrob ial a c t iv i ty  th a t  i t  i s  
im possible to  a s c e r ta in  w ith any degree of c e r t i tu d e  th a t  the  r e s u l ts  
obtained r e f l e c t  m etabolic processes in h e ren t to  the t is s u e  under 
exam ination.
Shriirqp are a c la s s ic a l  example of such fo o d s tu ffs . Even 
when f i r s t  removed from the  water shrimp c a r ry  an indigenous micro­
b ia l  f lo ra  which cannot be com pletely removed w ithout extensive 
t is s u e  d e s tru c tio n  and the consequent p roduction  of components not 
norm ally p re se n t. While i t  i s  not te c h n ic a lly  fe a s ib le  to  obtain  a  
b io lo g ic  a lly -p u re  cond ition  w ith shrimp, t h i s  s ta te  can be approx­
imated by ex e rc is in g  cau tion  in  ob ta in in g , hand ling , and preparing  
the sample fo r  study .
In a l l  of the experim ental work considerab le  e f f o r t  was 
expended to  ob ta in  samples which could be considered  "b io lo g ica lly -  
pu 'O’*, This minimized the determ ination of exogenous m a te ria ls  
who^e i n i t i a l  concen tra tions could vary  s ig n i f ic a n t ly  depending on 
the o r ig in a l source of th e  sample.
Shrimp which were le s s  than 2h hours removed from th e  w ater 
when received  a t  th e  lab o ra to ry  were u t i l i z e d  when availab le*
Damaged and b lack -sp o tted  shrimp were d iscard ed . A fte r deheading, 
p ee lin g , and thorough washing these  samples in v a ria b ly  showed to ta l  
b a c te r ia l  counts le s s  than 10 ,OCX) p e r gram*
During the perio d  when Louisiana c o a s ta l w aters were closed  
to  shrim ping, i t  was necessary  to  use shrimp which were obtained  
from tra w le rs  o ff  th e  F lo rid a  c o a s t. These shrimp had been iced  
a t  l e a s t  th ree  days before r e c e ip t  a t  th e  lab o ra to ry  and in v a ria b ly  
had high b a c te r ia l  lo ad s. Drain w ater from the  ic e  o f these shrimp 
had t o t a l  b a c te r ia l  cotints up to  10 m illio n  p e r  m i l l i l i t e r  a t  3J>°C, 
and th e  deheaded, unpeeled shrimp ex h ib ited  counts in  excess o f 
10 m illio n  p e r  gram. P eeling , deveining, and washing produced 
samples which u su a lly  had counts le s s  than  100,000 p e r  gram. Low 
trim ethylam ine n itro g en , ammonia n itro g en , and in d o le  values f o r  
th e  o r ig in a l  co n tro ls  a t te s te d  to  a sample which approximated th e  
"b io lo g ica lly -p u re"  condition*
The Scotchpak pouches used as sto rage co n ta in e rs  ex h ib ited  
t o t a l  b a c te r ia l  counts le s s  than 100 p e r  m i l l i l i t e r  o f  s t e r i l e  
d i s t i l l e d  w ater used in  th e  determ ination . Water absorp tion  through 
the  film  was n eg lig ib le  and perm eab ility  to  oxygen from a i r  was 
approxim ately 1 .$  cc p e r 100 sq* in* o f the  f ilm  su rface during a 
21* hour period  (6 3 ). This reduced oxygen a v a i la b i l i ty  to  some 
ex ten t and a lso  reduced th e  lo s s  of v o la t i le s  from th e  system* 
I n i t i a l  experim ents .were concerned w ith  e s ta b lish in g  
carbonyl conten ts of th e  re ag e rv ' used in  th e  e x tra c tio n , is o la t io n ,
and concen tra tion  procedures. With the  exceptions of th e  n-pentano 
and e th an o l used in  th e  e x tra c tio n  o f th e  t i s s u e ,  th e  reagents 
employed were determ ined to  be ca rb o n y l-free»
I t  became ev iden t during th e  course of th e  experim entation 
th a t  im p u ritie s  p resen t in  the  so lven t systems (n-pent&ne and 
50 p ercen t e th an o l) were c o n trib u tin g  to  the  t o t a l  carbonyl values, 
and were producing extraneous peaks in  th e  chromatographic a n a ly s is .  
Solvent system checks were made by e x tra c tin g  900 ml o f $0 p ercen t 
ethano l w ith n-pentane in  th e  absence of shrimp t i s s u e .  I s o la t io n  
and concen tra tion  o f th e  im p u ritie s  p resen t in  the re s u lt in g  e x tra c ts  
were conducted according to  the  u sua l procedure. Carbonyl determ­
in a tio n s  in d ica ted  an average of $ ppm to  be p re s e n t. Gas chromato­
graphic analyses o f th e  concen tra tes dem onstrated th e  presence of a 
minimum of s ix  components as shown in  Figure U.
To remove th e se  in te r f e r in g  compounds, th e  so lv en t systems 
were subjected to  a p u r if ic a t io n  e x tra c tio n  in  which 900 ml of 
$0 percen t e thano l were e x tra c te d  w ith  n-pentane (fo u r passages 
through th e  column). Following th e  f i n a l  passage th e  le v e l  of 
l iq u id  in  the  e x tra c ta n t b o ilin g  f la s k  was reduced to  approxim ately 
100 ml and th is  m a te r ia l d isca rd ed .
Subjection  o f th e  p u r if ie d  so lv en ts  to  th e  e x tra c tio n , i s o ­
la t io n ,  and concen tra tion  procedures re su lte d  in  th e  reduction  of 
t o t a l  carbonyl to  le s s  than 2 ppm and the  e lim in a tio n  of most o f 
th e  in te r fe r in g  component peaks as shown in  F igure f?. Because o f 
th i s  reduction  in  concen tra tion  o f th e  in te r f e r in g  compounds to  
in s ig n if ic a n t  le v e ls ,  no fu r th e r  trea tm en t beyond th e  p u r if ic a t io n
$ 9
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e x tra c tio n  was considered necessary*
To e s ta b lis h  the  e f f ic ie n c y  o f th e  e x tra c tio n  p ro cess , v a rio u s  
concen tra tions of acetophenone were added to  $00 ml o f $0 percen t 
ethano l and the  t o t a l  carbonyl determ ined a f t e r  e x tra c tin g  and 
is o la t in g  th e  carbonyls* These d a ta  are shown in  Table IV*
Known amounts o f acetophenone were added to  300 g  samples o f 
peeled  and doveined shrimp in  o rd er to  a s c e r ta in  recovery e f f ic ie n c ie s  
under normal operating  conditions* A sample to  which no carbonyl m s  
added served as the  blank* These d a ta  are  p resen ted  in  Table V* High 
re c o v e ra b ility  of th e  added carbonyl in  both experiments dem onstrated 
th e  s u i t a b i l i t y  o f the  e x tra c tio n  procedure f o r  th e  removal o f c a r ­
bonyls from shrimp tissu e*  Percentage o f carbonyl recovered was 
su rp ris in g  in  view of the  la rg e  number o f s tep s involved in  th e  
procedure* I t  should be noted th a t  th e  recovery e f f ic ie n c y  o f  the 
more v o la t i l e  components, e .  g*, acetaldehyde, would in  a l l  prob­
a b i l i ty  be somewhat le s s  than th a t  experienced f o r  acetophenone*
T o ta l carbonyl con cen tra tio n s of f re sh  shrimp averaged 3*1 ppm* 
In  g en e ra l, carbonyl conten ts o f shrimp s to re d  in  crushed ic e  
in c reased  w ith in c reas in g  len g th  o f s to rage  as shown in  Table VI. 
Carbonyl con ten ts between d if f e r e n t  samples f o r  the  same period  o f 
sto rage  showed some v a r ia t io n , bu t th i s  u su a lly  could be re la te d  to  
th e  p a s t  h is to ry  o f th e  sample* Shrimp which were in  good cond ition  
a t  th e  i n i t i a t io n  o f  s to rag e , as measured by minimum odor, firm  te x ­
tu r e ,  and low b a c te r ia l  counts, ex h ib ited  low carbonyl values through 
1U d ay s ' storage*
In  one s e r ie s  of t e s t s ,  scrimp were perm itted  u> sp o il a t
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tabu; iv
RECOVERY OF ADDED CARBONYL FROM SOLVENT
Added 
carbonyl 
( in  ppm)
Recovered 
carbonyl 
( in  ppm)
Recovery 
. e f f ic ie n c y  
( in  percen t)
1 .0 0.95 95
5 .0 h .9 98
10.0 9.7 97
20.0 19.5 97
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TABLE V
RECOVERY OF ADDED CARBONYL FROM SHRIMP HOMOGENATE
Added 
carbonyl 
( in  ppm)
Recovered 
carbonyl* 
( in  ppm)
Recovery 
e f f ic ie n c y  
( in  p ercen t)
1 .0 0.80 80
5 .0 U.6 92
10.0 8.8 89
20.0 18.0 90
^Average of two detorroinations
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TABLE VI
CHANGE IN CARBONYL CONTENT OF SHRIMP 
DURING ICE STORAGE*
Storage time 
( in  days)
T o ta l carbonyl** 
( in  ppm)
0
7 3.U
1k 3.5
21 9.2
28 6.2
*Sample3 s to red  a t  5.5°C (io .2°C )
Average of two determ inations
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room tem perature (21* to  30°C) and carbonyl determ inations made 
a f t e r  2l*, 30, 1*8, and 72 hou rs. These r e s u l t s  a re  p resen ted  in  
Table V II. Spoiled  shrimp in v a ria b ly  showed h ig h er carbonyl conten ts 
than th e i r  unspoiled  c o u n te rp a rts . A fte r  30 hours th e re  was a tren d  
toward decreasing  carbonyl c o n te n ts . This same trend  can be noted 
in  Table V I.
S everal p rocesses are  opera tiv e  during decomposition th a t  
could account f o r  these  observed d ec re ase s ,
(a )  Extensive p ro te o ly s is  may c re a te  a more favo rab le  
d if fu s io n  g rad ie n t f o r  th e  lo s s  o f v o la t i le s  from the  system.
(b ) Release of compounds capable o f condensing w ith carbonyls 
may occur in  th e  l a t t e r  s tag es o f decom position. B asic ity  of 
th e  system would r e s u l t  in  a cond ition  c a ta ly t ic  fo r  th e  
occurence o f th e  condensations.
(c )  Aldehydes may be ox id ized  to  a c id s .
(d ) Carbonyls may be used as p recu rso rs  in  m icrob ia l 
p ro cesses .
(e )  In crease  in  pH may c re a te  an environment unfavorable to  
m icrob ial a c t iv i ty  resp o n sib le  f o r  carbonyl p roduction .
( f ) Carbonyl p recu rso rs  in  th e  t is s u e  may be d e p le ted . 
Carbonyl genera tion  from the  p recu rso rs  may be viewed as
occurring  through p rocesses such as hyd ro ly sis  in  which aldehydes 
are  l ib e ra te d  from plasmalogens o r  a o e ta l  phospholipids ( 88) .  Such 
h y d ro ly tic  re a c tio n s  could readxiy  be ca ta ly zed  by endogenous t is s u e  
enzymes o r  by exogenous m icrob ial a c t iv i ty .  I t  i s  eq u a lly  f e a s ib le  
to  consider the  carbonyls as o r ig in a tin g  from m icroblax metabolism
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TABLE VII
CHANGE IN CARBONYL CONTENT OF SPOILING SHRIMP*
Spoilage time 
( in  hours)
T o ta l carbonyl** 
( in  ppm)
0 1*.U
2U 8 .0
30 17.0
U8 15.6
72 11.7
^Temperature range of 2k to  30°C during s tu d ie s
**Average o f two determ inations
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lead ing  to  the  form ation o f th e se  m a te ria ls  as end products o r  as 
in te rm ed ia tes f o r  o th e r  pathways*
Successfu l com m ercialization o f gamma ir r a d ia t io n  in  th e  
p rese rv a tio n  of shrimp and o th e r  s h e l l f is h  i s  d i r e c t ly  re la te d  to  
the  q u a lity  o f th e  product a t  the  time of i r r a d ia t io n .  B a c te ria l 
load reduction  i s  the  most no tab le  change observed in  shrimp sub­
je c te d  to  p a s te u r iz a tio n  doses* S e lec tiv e  ac tio n  in  reducing the  
pseudomonads, would appear to  be th e  prim ary f a c to r  in  in c reased  
s to ra g e a b il i ty  of th e  i r r a d ia te d  p roduct. O ther, le s s  obvious b u t 
perhaps more s ig n if ic a n t ,  changes occur such as in a c tiv a tio n  o f 
t i s s u e  enzyme systems ca ta ly z in g  p ro teo ly s is*  P asteu riz in g  doses 
may a lso  improve th e  q u a l i ty  of the  product by ca ta ly z in g  th e  form­
a tio n  o f d e s ira b le  f la v o r  components. High doses may reduce 
b a c te r ia l  counts even fu r th e r  b u t a t  th e  s a c r i f ic e  o f a c c e p ta b il i ty  
due to  form ation o f o ff-odo rs and f la v o rs .  Novak e t  al* (72) have 
shown th a t  shrimp exposed to  doses in  excess o f 0*2 Krad s u f fe r  lo s s  
in  q u a lity  as revealed  by o rgano lep tic  t e s t s .  To avoid th e  in t r o ­
duction o f a d d itio n a l v a r ia b le s , i r r a d ia t io n  s tu d ie s  in  r e la t io n  to  
carbonyl form ation were r e s t r ic te d  to  th e  u t i l i z a t io n  o f p a s teu r­
iz a tio n  doses*
R esu lts  o f sto rage  s tu d ie s  o f carbonyl changes occurring  in  
i r r a d ia te d  shrimp are  shown in  Table VIII* Analyses were a lso  made 
f o r  trim ethylam ine n itro g en  (TMA-N), ammonia n itro g en  (NII^-N), 
in d o le , and m icrob ial load to  determ ine i f  any c o rre la tio n  e x is ted  
between carbonyl concen tra tions ard changes in  the  le v e ls  o f  these  
substances during s to ra g e . Thenr r e s u l ts  are g rap h ica lly  presented
TABLE VIII
COMPARISON OF CARBONYL PRODUCTION WITH OTHER CHEMICAL AND 
MICROBIOLOGICAL CHANGES IN GAMMA IRRADIATED SHRIMP*
Storage
time
(in  days.) Sample
Nitrogen Indole 
(In mg per 100 g) (in  ug per 
TMA NH3 100 g)
Total 
carbonyl 
(in  ppa)
Total b ac te r ia l count 
( in  colonies per gran] 
20^C 35°C
0 Control 0.7 11 n i l 2.8 2.5 x ioS 6.8 I  10**
Irrad ia ted 1.0 11 n i l 3 .2 7 .2  I  103 3.3 X 103
7 Control 0.9 11 n i l 3.2 1 .2  I  1(£ 8.0  X 1<A
Irrad ia ted 1.0 15 n i l 2.2 3.1 x laJ* U.O X 103
lh Control 9.1 37 n i l 2.7 6.5 X 107 1.1 X 106
Irrad ia ted 2.5 10 n i l 2.0 7 .2  X 10* h.9  X 103
21 Control 16.0 68 n i l 16.0 U i  I  10® 5.0  X ic£
Irrad ia ted 1.0 20 n i l 2.8 8.0 X 10* 3 .0  X 10^
26 Control 22.0 100 10 6M 2.0 X 10® 6.8 X 107
Irrad ia ted 2.1 10 n i l 2.7 8.3 X 1<£ U.2 X 10**
Sanplea sto red  a t  $.$°C (io*2^C) o
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in  F igures 6 and 7 .  Shrimp employed in  th e  experim ents were o f good 
Q u a l i ty .  C ontrol samples were spo iled  a t  21 d ay s ' s to rag e . I r r a d ­
ia te d  samples i n i t i a l l y  ex h ib ited  a s l ig h t  a ty p ic a l odor which d is ­
appeared a f t e r  21 days ' s to rage  and was replaced by th e  more accep t­
ab le  odor o f f re s h  shrimp. They were considered to  be o f good 
q u a l i ty  a t  28 d ay s ' s to rag e .
Diminution o f  th e  i r r a d ia t io n  odor during  ic e  s to rag e  a t  
5>.*>°C i s  in  harmony w ith r e s u l t s  rep o rted  by Sinnhuber (103) o f the 
decrease in  i r r a d ia t io n  f la v o r  of l.ce-sto red  shrim p.
The d a ta  in d ic a te s  th a t  low dose gamma i r r a d ia t io n  in h ib i t s  
carbonyl form ation in  shrimp. Carbonyl values obtained  f o r  th e  
I r r a d ia te d  sa u rie s  remained e s s e n t ia l ly  constan t throughout th e  
s to rag e  p erio d , averaging 2 .6  ppm. The s l ig h t ly  h ig h e r  carbonyl 
value of the  i r r a d ia te d  sample over th a t  fo r  th e  c o n tro l a t  i n i t i a ­
t io n  o f the  experim ent was no t considered s ig n i f ic a n t .  Control 
samples d isp layed  th e  genera l p a tte rn  of Increas in g  a f t e r  1); days ' 
s to rag e  and then f a l l in g  o f f  by th e  28th  day; however, th e  le v e l 
was always h igher than th a t  observed f o r  the o r ig in a l  sample.
Low p la te  counts a t  3f>°C were noted f o r  th e  ir ra d ia te d  samples 
throughout th e  sto rage p e rio d . Those fo r  co n tro l sanp les increased  
rap id ly  a f t e r  7 days. Counts a t  20°C were h igher than  those  a t  35>°C 
fo r  both sam ples. S ev era l-fo ld  h ig h er counts a t  th e  lower tem perature 
were in d ic a tiv e  o f a high psychrophile f lo r a  and o f the  tem perature 
to  which the  shrimp were n a tiv e . I t  i s  suggested th a t  p la te  counts 
a t  20°C could be o f much g re a te r  v-ilue in  eva luating  in c ip ie n t  s p o il­
age than those  a t  35°C.
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TMA-N and NH -^N values c o rre la te d  w ell w ith carbonyl values 
through 21 days' s to rage*  The former continued to  r i s e  through the 
26th day w hile carbonyl conten ts decreased . This d a ta  im plies th a t  
carbonyl form ation does not r e s u l t  p r im arily  as an in term ediate  
stage  in  th e  form ation of TMA, ammonia, or in d o le .
TMA production p a r a l le ls  m icrob ial growth in  the samples and 
may be considered as re s u lt in g  from b a c te r ia l  reduction  of tr im e th y l-  
amine oxide (TMAO) p re se n t in  the t i s s u e .  This re la tio n sh ip  has 
been confirmed in  se v e ra l s tu d ie s  w ith  o ther f is h  products (91# 9 6 ). 
I t  has a lso  been p o s tu la ted  to  o r ig in a te  by enzym atica lly -ca ta lyzed  
la c t i c  ac id  reduction  of TMAO (1 1 ).
Ammonia production a lso  p a r a l le ls  b a c te r ia l  growth. This 
substance may a r is e  from many sources as the r e s u l t  of p ro te o ly tic  
a c t iv i ty  (U, 6 , 12).
I r ra d ia tio n  suppresses the form ation of TMA and ammonia, as 
w ell as carbonyls. Reduction In b a c te r ia l  counts due to  gamma 
ir ra d ia t io n  i s  probably the main fa c to r  in  the decreased form ation 
o f a l l  th re e  substances. I t  would appear from Figure 6 th a t  th e i r  
form ation may be more dependent on th e  35°C f lo ra  than th a t  a t  20°C, 
un less i t  i s  assumed th a t  i r r a d ia t io n  p r e fe re n t ia l ly  in a c tiv a te s  
enzyme systems of the psychroph ilic  f lo ra  necessary  fo r  the  genera­
t io n  o f th ese  substances. This assumption i s  supported in  recen t 
s tu d ie s  by C o r le tt  (19) which showed th a t  low dose gamma ir ra d ia t io n  
re a d ily  in a c tiv a te s  th e  aerobic p sychroph ilic  Pseudomonas. I f  
i n i t i a l  numbers are low, they  may be com pletely e lim ina ted  in  which 
case Spoilage u su a lly  r e s u l t s  from the more ra d ia tio n  re s isw v h
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psychro tro p ic  Achromobactsr, y e a s ts , and a v a r ie ty  o f gram -positive 
ro d s.
B a c te rio lo g ic a l s tu d ie s  asso c ia ted  w ith  the carbonyl in v e s t i ­
g a tio n s v e r if ie d  th ese  r e s u l t s  fo r  i r r a d ia te d  shrimp. Seven colonies- 
were taken from t o t a l  count p la te s  a t  20°C. These p la te s  were from 
samples, i r r a d ia te d  and n o n -irra d ia te d , which had been in  ic e  s to rag e  
f o r  28 d ay s . Three o f the is o la te s  were from the  n o n -irrad ia te d  
sample and included  an Aeromonas, a Pseudomonas, and a Micrococcus ■ 
I s o la te s  from the  ir ra d ia te d  sample included a y e a s t, a Flavobacterium , 
and two Achromobac t e r .
While p la te  counts a re  normally high in  sp o iled  shrimp, low 
counts may no t be assumed to  c la s s i fy  shrimp as u n spo iled . Conditions 
under which the product has been m aintained must be known befo re  the 
relevance of b a c te r ia l  counts can be assessed . S torage of shrimp a t  
tem peratures below fre ez in g  r e s u lts  in  reduced coun ts. This has 
a lso  been proven in  o th e r  f is h  species (E>3).
I t  i s  q u ite  p o ssib le  f o r  spo iled  shrimp with high b a c te r ia l  
loads p r io r  to  freez in g  to  be c la s s i f ie d  as unspoiled  a f t e r  sev era l 
months of frozen sto rage i f  b a c te r ia l  counts alone are  employed in  
the  ev a lu a tio n . Decomposition products such as indo le and TMA would 
s t i l l  be p resen t in  the  t is s u e s ,  and checks fo r  these  substances 
would rev ea l the  in e d ib le  q u a lity  of th e  shrim p. High b a c te r ia l  
counts w i l l  sound a warning n o te , b u t they must be kep t in  proper 
perspec tive  in  r e la t io n  to  othu~' a n a ly tic a l d a ta  which should be 
a v a ila b le .
Indole values were no t durable in  any o f t'.)c experiments
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u n t i l  spo ilage was ev iden t as d e tec ted  by odor and appearance. This 
t e s t  has p r a c t ic a l ly  no value as an in d ic a to r  of in c ip ie n t  spo ilage 
in  shrimp bu t 1b c h a ra c te r is t ic  o f g ross sp o ilag e . TMA-N and NH -^N 
values a re  more valuab le  in  gauging m arginal sp o ilag e .
I t  appears from d a ta  c o lle c te d  in  the  course o f th ese  s tu d ie s  
th a t  spoilage i s  imminent when the  le v e l  of TMA-N exceeds 1*> mg p er 
100 g of shrimp and the  NH -^N le v e l  i s  in  excess o f 30 mg p er 100 g 
of t i s s u e .
E x trac tab le -carbony l con ten ts f a l l  in to  the  category o f TMA-N 
and NH -^N as in d ices  of in c ip ie n t sp o ilag e . Data obtained  in  these  
s tu d ie s  suggest th a t  spoilage i s  a f a c t ,  o r i s  a t  a  th resh o ld  le v e l ,  
when the carbonyl con ten t exceeds •> ppm. Again, th e  carbonyl con­
te n t  alone should no t be considered as conclusive evidence o f shrimp 
decom position. These values only become meaningful when considered 
in  re la t io n  to  those f o r  TMA, ammonia, in d o le , and t o t a l  b a c te r ia l  
p la te  coun ts•
Oas chromatographic a n a ly s is  o f the  concen tra tes obtained  in  
the  decomposition s tu d ie s  revealed  the  presence of a t  l e a s t  f iv e  
carbonyls (F igures 8 and 9 ) .  Four o f th ese  were te n ta t iv e ly  id e n t­
i f i e d  as acetaldehyde, acetone, 3-m ethyl-2-butanone,  and d ia c e ty l .  
These r e s u l t s  a re  p resen ted  in  Table IX. Comparative re te n tio n  
tim es fo r  standard  carbonyls used in  e s ta b lish in g  te n ta t iv e  id e n t­
i f ic a t io n  are shown in  Table X. The chromatograms In d ica ted  the 
presence o f sev e ra l o th e r  components but in  such minute q u a n ti t ie s  
as to  p reclude even te n ta t iv e  id e n t i f ic a t io n .  Formation o f a c e t-  
aldehyde and d la c e ty l  during sir-. "ip decomposition i s  in  accord w ith
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Figure 8
S eparation  of Carbonyls in  Shrimp 
C oncentrate on Carbowax 2QM
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Figure 9
Separation  of Carbonyls in  Shrimp Concentrate 
on l f2 ,3 -tris -(2 -cy an o e th o x y ) Propane
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TABLE IX
RETENTION TIKES OF CARBCNXLS IN SHRIMP
Peak
no*
R eten tion  time oni
1 ,2 ,3 - t r i s -  
(2-cyanoethoxy) 
Carbowax 2ON Propane
( in  m inutes) ( in  m inutes)
T en tative 
id e n t i f ic  a tio n  
of carbonyl
1
2
3
h
5
1.3  
1 .9
3 .5
5.0
6 .3
1.2
2.0
3.1
luO
5.5
acetaldehyde 
acetone
3-Me-2-butanone
d ia c e ty l
???
TABLE X
RETENTION TIMES OF CARBONYL STANDARDS
Carbonyl
R eten tion
Carbowax 20M 
(In  m inutes)
time on: 
1 . 2 , 3*trlap- 
(2-cyanoeth oxy) 
Propane 
( in  m inutes)
Acetaldehyde 1.2 1 .1
Proplonaldehyde 1.5 1 .1*
lao-B utyraldehyde 1.8 1 .1*
Acetone 2 .0 2 .0
n-Butyraldehyde 2 .9 2 .0
3-Me-2-Butanone 3.5 2.9
D lace ty l U.9 3.8
2-Pentanone 5.U 3.U
3-Pentanone 5.1* 3 .6
3-Me-2-Pentanone 5.7 3.8
U-Keptanone 8 .1 7.6
2-Keptanone 8 .6 11.3
2,li-Pentanedione 9 .5 8.7
CitronellaJL 13.2 —
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d a ta  obtained by Ota (77, 78) f o r  o th e r f i s h  p ro d u c ts .
In fra re d  d a ta  obtained  from th e  concen tra tes v a l id a te  th e  
presence of d ike to  compounds such as d ia c e ty l  during shrimp decompo­
s i t i o n .
Formaldehyde was n o t reso lved  by th e  chromatographic technique 
employed. Propionaldehyde, n-butyraldehyde, and ia o -butyraldehyde -  -  
carbonyls im plica ted  in  th e  spo ilage of o th e r  f i s h  p roducts—were n o t 
d e tec ted  as components o f shrimp decom position.
Chromatograms of concen tra tes from ir r a d ia te d  unspoiled shrimp 
d id  no t in d ic a te  the  presence o f acetone . Only in  chromatograms o f 
concen tra tes from sp o iled , i r r a d ia te d  samples was th i s  peak p resen t 
suggesting th a t  gamma ir r a d ia t io n  tem porarily  in h ib i ts  th e  biochem ical 
mechanism fo r  i t s  p roduction . This peak was noted  c o n s is te n tly  on 
chromatograms o f n o n -irra d ia te d  samples a f te r  lU d ay s’ sto rage  and 
was g en era lly  p rese n t a f t e r  7 days ' s to ra g e . Acetone production in  
n o n -irra d ia te d  shrimp deserves f u r th e r  in v e s tig a tio n  as to  i t s  ro le  
in  shrimp sp o ilag e .
V a r ia b il i ty  in  peak a rea s  of the  m ajor components d id  no t 
show any p a r t ic u la r  p a tte rn  in  r e la t io n  to  sto rage  tim e. I t  i s  very 
probable th a t  a d e f in i t iv e  re la tio n sh ip  does e x i s t ,  b u t must aw ait 
inprovements in  th e  concen trating  procedure befo re  i t  can be d e te r ­
mined.
HetaboUc processes have been e s ta b lish e d  fo r  the  production 
o f acetaldehyde, acetone, and d ia c e ty l in  many foods, shrimp no t 
inc lu d ed . 3-M ethyl-2-butanone has been rep o rted  to  be produced by 
E. c o l i  ($ 5 ). The m etabolic source o f t h i s  compound i s  u n k n - v
Acetaldehyde* acetone, and d ia c e ty l  a re  n o t considered to x ic  
a t  th e  le v e ls  found In  sp o ilin g  shrimp (10b)* T oxico log ica l d a ta  
f o r  3-raethyl-2-butanone has n o t been repo rted  in  th e  l i te r a tu r e *
While s tu d ies  have no t been conducted on th e  o r ig in  o f these 
carbonyls In  shrimp, p la u s ib le  mechanisms which may be o pera tive  
can be postu lated*
(a) In  g en era l, aldehydes may o r ig in a te  from amino ac id s 
by a  combination of decarboxylation  and deamination*
CHgR CHgR CHgR
I
COOH ♦ C02 ♦ HH^
L o
Free amino ac id  contents in c rease  as decomposition progresses'' 
due to  a u to ly tlc  and b a c te r ia l  p ro te o ly t ic  a c tiv ity *  Decarbox­
y la tio n  and deamination of these compounds would account f o r  
th e  i n i t i a l  in c reases  in  carbonyl and ammonia concen tra tions*  
This mechanism undoubtedly functions during  shrimp spoilage*
(b ) In  g en era l, ketones may be formed by the  ox ida tion  o f
un sa tu ra ted  f a t t y  ac ids according to  th e  follow ing r e a c t io n :
R* R« COOH
R-C«CH-R'”-COOH £22-- * R-C-0 + Wr
COOH
l i t e r a tu r e  references are  n o n ex is ten t f o r  th e  presence o f 
branched-chaln unsa tu ra ted  f a t t y  a d d s  in  shrimp tis su e *
These p recu rso rs  could be formed from th e  metabolism o f 
spo ilage  b ac te ria*
(c )  Acetaldehyde can be produced in  p la n ts  and c e r ta in
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m icrob io log ica l systems by th e  decarboxylation  o f pyruvic 
ac id  (9 ) .
COOH
I Mg++C-0---2 } CHO + C02
ch3 ch3
This n e c e s s ita te s  the  presence o f the enzyme system pyruvic
decarboxylase• I t  i s  no t known whether shrimp tis s u e  contains;
th i s  enzyme system .
Acetaldehyde has a lso  been repo rted  to  be produced by
th e  sc is s io n  of th reon ine through a  d ism utation  type of
reac tio n  (52)•
COOH
I
CHNH_ CHO COOH| 2  * | + |
CHOH CH3 CHgNHg
Threonine le v e ls  in c rease  in  shrimp spo ilage as do g lycine
le v e ls ,  both as the r e s u l t  of p ro te o ly s is .  This does no t
preclude the  p o s s ib i l i ty  o f acetaldehyde a r is in g  in  p a r t  via.
th is  mechanism.
D iace ty l can be cleaved by some pyruvate enzymes to
y ie ld  acetaldehyde p lu s a c e ta te  (2 2 ).
CH,
I 3
c"° HoO CHO COOH
!  I ♦ I
C-0 ' CH-, CH_
Ah3 - ■  3
i.'ince d ia c e ty l has l>«*u te n ta t iv e ly  shown to  be p re sen t in
sp o iled  shrim p, i t  must be considered  as a p o ss ib le  source of 
th i s  carbonyl*
(d ) Acetone can a r is e  m etab o lica lly  from a c e to a ce tic  ac id  by 
b e ta  keto  ac id  decarboxylation*
This re ac tio n  i s  ca ta lyzed  by the enzyme system ac e to a ce tic  
decarboxylase* I t  i s  no t known whether shrimp t is s u e  contains 
th i s  enzyme system , C lostrid ium  acetobutylicum  and C l, b u ty r-  
icum con ta in  th i s  enzyme system b u t have n o t been im p lica ted  
as a major group co n trib u tin g  to  the  normal decomposition of 
shrimp (78)* Other groups of shrimp spo ilage  organisms could 
possess th i s  system* M icrobio log ical and /o r a u to ly tic  a c t iv i ty  
invo lv ing  th i s  mechanism could re a d ily  account fo r  th e  p ro ­
duction  o f acetone*
(e )  D iacety l i s  produced in  c e r ta in  microorganisms, e» g*, 
A cetobacterj by the ox id a tio n  of acetoin*
Green (I46) found th a t  h9 percen t o f  f re s h ly  caught shrimp 
contained  A erobacter spp. a.id 35 percen t contained  A cetobacter 
spp . The form er are  notcu fo r  t h e i r  a b i l i t y  to  p)*oduce
COOH
+ CO.2
ch3
n
CHOH
+ h2o
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ace to in  and th e  l a t t e r  fo r  th e i r  a b i l i t y  to  ox id ize th e  
ace to in  to  d ia c e ty l .  I t  i s  h igh ly  probable th a t  d la c e ty l 
production in  shrimp occurs through t h i s  m icrob ial mediated 
process*
( f )  3-M ethyl-2-butanone could o r ig in a te  from th e  genera l
mechanism fo r  ketone production  in  th e  fo llow ing  manner*
CH,
CH. I J  COOH
| 3 C-0 |
CH-a-CH-C -  CH-R-COOH ___* I .  + R3 | . t CHCH^  |
CHn I ,  COOH* . CH^
U nsaturated f a t t y  ac ids are  found in  alm ost a l l  f i s h  products* 
inc lud ing  shrimp* O xidation of th ese  substances i s  a normal 
spo ilage phenomenon* I t  i s  not known whether any branched- 
chain unsa tu ra ted  ac ids s im ila r  to  the  s tru c tu re  above are 
p resen t in  shrimp* In  view of the  apparen tly  ra re  occurrence 
of th i s  compound as a m etabo lite  in  food p roducts , f u r th e r  
in v e s tig a tio n  i s  w arranted to  s u b s ta n tia te  i t s  presence in  
shrimp tis su e*
R esu lts of th e  in v e s tig a tio n  h ere in  rep o rted  dem onstrate the 
f e a s ib i l i t y  o f q u a n ti ta t iv e ly  removing carbonyl compounds from shrimp* 
I t  was fu r th e r  e s tab lish ed  th a t  carbonyl metabolism can be used as an 
index  o f shrimp decomposition when co rre la te d  w ith o th e r  ob jec tive  
and su b jec tiv e  measurements* I s o la t io n  of s p e c if ic  carbonyls pro­
duced during the decomposition process may prove to  be the  eventual 
key to  u n rav e llin g  th e  complex n a tu re  of the  spoilage mechanism in  
no t only th i s  product bu t in  a l l  foods.
SUMMART
Establishm ent of reasonable quality- standards fo r  i r r a d ia te d  
and n o n -irrad ia te d  shrimp i s  im perative f o r  the  p ro te c tio n  o f  both  
the  g enera l p u b lic  and th e  shrimp in d u s try . O bjective t e s t s  must 
be developed which can d e te c t  In c ip ie n t spo ilage in  both p ro d u c ts .
In  th e  case o f th e  I r ra d ia te d  p ro d u ct, acceptance by the Food and 
Drug A dm inistration of recommended standards i s  con tingen t on 
dem onstrating th a t  to x ic  substances are  n o t induced as a  r e s u l t  o f 
the  i r r a d ia t io n  trea tm en t.
Im p lica tion  o f carbonyl compounds in  th e  spo ilage processes 
o f o th e r  foods w arranted an eva lu a tio n  of t h e i r  ro le  in  shrimp 
decom position. Ascertainm ent o f th e  m etabolic o r ig in  and f a te  o f  
these compounds during t r a n s i t io n  from a f re sh  to  a sp o iled  cond ition  
would be of immense importance in  e lu c id a tin g  the biochem ical 
mechanisms underlying shrimp decom position.
Methodology was developed f o r  the  sem iq u an tita tiv e  removal o f 
ex tra c ta b le  carbonyls from an a lco h o lic  homogenate o f shrimp using 
a b a tch -ty p e , co u n tercu rren t, l iq u id - l iq u id  e x tra c tio n  p ro cess . 
I s o la t io n  and concen tra tion  of th e  carbonyls was accomplished by 
f r a c t io n a l  d i s t i l l a t i o n  and column chromatographic techniques*
S tud ies revealed th a t  carbonyl con ten ts of n o n - irra d ia te d  
ic e -s to re d  shrimp in c rease  w ith sto rage  tim e, reaching a peak a f t e r  
21 days ' s to rag e  and then  f a l l in g  o f f .  Carbonyl con ten ts o f f re sh
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shrimp were very  low, averaging 3 .1  ppm*
Carbonyl values f o r  gamma i r r a d ia te d  (0 .2  Mr ad) shrimp 
remained e s s e n tia l ly  constan t during a 28 day ic e  sto rage p e rio d , 
averaging 2 .6  ppm* Spoiled i r r a d ia te d  shrimp ex h ib ited  increased  
carbonyl concen tra tions above those f o r  unspo iled  con tro ls*  There 
was no in d ic a tio n  th a t  gamma i r r a d ia t io n  produced any carbonyl not 
p resen t in  th e  n o n -irrad ia te d  contro l*
Carbonyl con ten ts c o rre la te d  w ell w ith  t o t a l  b a c te r ia l  p la te  
counts a t  20°C and 35°C and w ith trim sthylam ine n itro g en  and ammonia 
n itro g en  values through 21 d ay s ' sto rage f o r  both n o n -irra d ia te d  
and i r r a d ia te d  samples* I t  was ev iden t from th e  d a ta  th a t  carbonyls 
do n o t a r is e  p r im a rily  as a  r e s u l t  o f t  rime thy lamine and ammonia 
production* T otal p la te  counts a t  20°C were considered more 
s ig n if ic a n t  in  assess in g  q u a lity  than those  a t  3$°C*
Oas chromatographic an a ly s is  of th e  concen tra tes showed the 
presence o f a t  le a s t  f iv e  carbonyls* Four o f th e se  were te n ta t iv e ly  
id e n t i f ie d  as acetaldehyde, acetone, d ia c e ty l ,  and 3-m ethyl-2-buta- 
none# P lau s ib le  biochem ical mechanisms fo r  t h e i r  o r ig in  are  p re ­
sented*
A v a lid  eva luation  o f shrimp q u a lity  can be made only a f t e r  
consid era tio n  o f a l l  p h y s ic a l, chem ical, m ic ro b io lo g ica l, n u t r i t io n a l ,  
and sensory measurements* Data ob ta ined  in  th ese  s tu d ie s  suggest 
th a t  in c ip ie n t spo ilage i s  p resen t when th e  follow ing values a re  
exceeded* e x tra c ta b le  carbonyl—$ ppm; trim ethylam ine n itro g en —
1*> mg p e r  100 g of shrimp; ammonia n itro g en —30 mg p e r  100 g of 
shrimp; and t o t a l  b a c te r ia l  p la te  counts— $0 m illio n  p e r  gram
BU
a t  20°C o r  $ m illio n  p e r  gram a t  3$°C*
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